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In this thesis, the synthesis and characterization of polyhedral oligomeric 
silsesquioxane (POSS) based organic-inorganic hybrid nanocomposites with different 
sizes and light-emitting properties were studied. In order to build nanocomposites with 
different sizes, biphenyl derivatives with four different ending alkyl chain lengths were 
attached to the POSS core (figure S-1). The successful realization of the target 
compounds was confirmed by 1H, 13C, 29Si NMR and FTIR spectra. And the radii of 
the compounds are measured to range from 1.6nm to 1.9nm by X-ray Diffraction. 
Thermal analysis revealed that the bigger the particle size, the higher the glass 
transition temperature and the higher the decomposition temperature. UV-PL spectra 
indicated the emission of the compounds lies in ultraviolet region with an improved PL 































R= Butyl (a), Hexyl (b), Octyl (c), Decyl (d) 
Figure S-1. Chemical structure of target nanocomposites with different sizes. 
 
VI 
Another blue light-emitting POSS structure was achieved by coupling bithiophene 
derivatives to the phenyl-substituted POSS core (figure S-2). Similar NMR and FTIR 
methods were used to confirm the chemical structure of the resultant nanocomposite. 
AFM image of the light-emitting nanocomposite showed the aggregation phenomenon 
of dispersed nanocomposites and the particle size was determined by XRD to be 1.5nm 
in radius. UV-PL spectra demonstrated the peak emission at 444.5nm which is in the 































Figure S-2. Chemical structure of Light-emitting POSS nanocomposite (POSSLED). 
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Chapter 1. Introduction and Literature Review 
1.1 Silsesquioxane Materials 
The term silsesquioxane refers to all structure with the empirical formula of RSiO1.5, in 
which R can range from hydrogen, alkyl, alkylene, aryl, arylene or functionalized 
derivatives of alkyl, alkylene, aryl and arylene groups. The name, silsesquioxane is 
derived from sil-oxane (compounds of silicon and oxygen) and sesqui (Latin, meaning 
one and a half). They have a very diversified structure including random structure, 
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Partial cage structure 
Figure 1. Structure of silsesquioxanes. 
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The initial discovery of silsesquioxanes dated back to 1946[3], when Scott described 
completely condensed methyl-substituted silsesquioxanes. Although the exact structure 
was not assigned by him, he was able to determine the general formula of 
[(CH3)SiO3/2]2n, in which n was an integer. In 1955, the molecular structure of a series 
of organosilsesquioxanes was determined by single-crystal X-ray diffraction by Barry 
et al[4]. They are the first to show the cubic or hexagonal prismatic shape of the 
completely condensed molecules. An improved method in the synthesis of completely 
and incompletely condensed silsesquioxanes was published in 1965 by Brown and 
Vogt after their research on the polycondensation of cyclohexyltrichlorosilane in an 
acetone/water mixture[5]. At the beginning of their reaction, the main products were 
incompletely condensed dimmers [RSi(OH)2ORSi(OH)2, R=cyclohexyl] and higher 
oligomers containing silanol groups. After some time (days to months), the cubic 
incompletely condensed silsesquioxanes trisilanol (R7Si7O9)(OH)3 was formed to a 
greater extent together with the completely condensed R6Si6O9 with no residual silanol 
groups. In 1990’s, Feher described the same procedure for cyclopentyl- and 
cycloheptyltrichlorosilane[6]. But in this case, no completely condensed products were 
isolated. The hydrolytic polycondensation of cyclopentyltrichlorosilane led exclusively 
to the formation of the trisilanol (c-C5H9)7Si7O9(OH)3, while polycondensation of 
cycloheptyltrichlorosilane led to a mixture of the trisilanol (c-C7H13)7Si7O9(OH)3 and 
the tetrasilanol (c-C7H13)6Si6O7(OH)4. But for a long time, the main hurdle for the 
synthesis of silsesquioxanes lies in the long preparation time (from a few weeks to 36 
months) and limitation of organic side groups on the silicon atoms[7]. 
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So far one of the well-accepted formation processes of silsesquioxanes compounds is 
thought to be a multi-step hydrolysis condensation reaction (Figure 2)[8]. The first step 
is the hydrolysis of an alkylsilane precursor with water to give organopolysilanol 
compounds (step i). Followed the right environment, depending on the concentration 
of water, solvent and pH, these precursors can condense with each other, leading to the 
formation of oligosiloxanes (step ii). The thermodynamics, kinetics and solubility of 
the products will determine the resulting mixture, ranging from lower oligosiloxane 
































































































Figure 2. Generalized formation scheme of siloxanes and silsesquioxanes. 
 
Within the more-than-half a century discovery, research into silsesquioxanes continues 
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to increase due to their well-defined structures and potential novel properties[9-29]. 
Although research on different structures of silsesquioxanes progresses 
correspondingly, particular attention has been paid to the specific cage structure[30-59]. 
Therefore, the specific abbreviation: POSS (polyhedral oligomeric silsesquioxane), is 
named after these silsesquioxanes with completely condensed cage structures. In this 
thesis, the emphasis will be mainly put in the Octa-POSS (T8 in Figure 1), which 
becomes one highlighted research area due to the progress in preparation and further 
organic functionalization. 
 
The well-defined structures of POSS embody truly inorganic-organic hybrid 
architecture with an inner inorganic framework made up of silicone and oxygen 
(SiO1.5)8, that is surrounded by organic substituents[55,56]. These substituents can be 
totally hydrocarbon in nature or they can be a range of polar structures and functional 
groups. Having the particle size from 1 to 3 nanometers, POSS can be thought of as the 
smallest possible particles of silica. The difference lies in the organic substituents at 
the outer layer of POSS molecules that make it compatible with polymers, biological 
systems or surfaces. Unlike traditional organic compounds, POSS chemicals release no 
volatile components, so they are odorless and environmentally friendly. Furthermore, 
the substituents of POSS are designable which make POSS a versatile building block 




1.2 Synthesis and Application of Polyhedral Oligomeric Silsesquioxane (POSS) 
There are now a great number of reactions reported for the formation of POSS and it’s 
derivatives[13,38,39]. Generally speaking, depending on the starting material, these 
reactions can be divided into two groups. The first group includes the reactions giving 
rise to new Si-O-Si bonds with subsequent formation of the polyhedral cage structure. 
These reactions are complex, multistep processes leading to polymers and oligomers 
that include oligosilsesquioxanes and their derivatives[2]. This class of reactions 
assembles polyhedral silsesquioxanes from monomers of the XSiY3 type, where X is a 
chemically stable substituent (such as CH3, phenyl, or vinyl), and Y is a highly 
reactive substituent (such as Cl, OH, or OR) (Equation 1). The reaction rate, degree of 
oligomerization and the yield of the polyhedral compounds formed by this method 
depend strongly on several factors. Besides the concentration of the initial monomer in 
the solution, which is an important variable, other influential variables include the 
nature of the solvent, the identity of substituent X in the initial monomer, the nature of 
functional groups Y in the monomer, the type of catalyst, the reaction temperature, the 
rate of water addition, and the solubility of the polyhedral oligomers formed.  
 
nXSiY3 + 1.5nH2O  (XsiO1.5)n + 3nHY                (1) 
 
The second major class of reactions involves the manipulation of the substituents at the 
silicon atom without affecting the silicon-oxygen skeleton of the molecules. In other 
words, chemistry methodology was applied to further functionalize the initially formed 
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polyhedral oligomeric silsesquioxanes. As the interest in POSS derivative has 
increased, efforts to synthesize POSS with a variety of both reactive and inert 
substituents have increased. A large number of substituents have been appended, by 
different methods, to the silicon oxygen cages including alcohols, phenols, 
alkoxysilanes, chlorosilanes, epoxides, esters, fluoroalkyls, halides, isocyanates, 
methacrylates and acrylates, alkl and cycloalkyl groups, nitriles, norbornenyls, olefins, 
phosphines, silanes, silanols and styrenes[8]. In addition, new materials based on the 
incorporation of POSS opened a new route to the novel organic-inorganic hybrid 
system. Both monofunctional and multifunctional POSS are believed to be two of the 
candidates for the next generation hybrid materials which combine the advantages of 
conventional inorganic and organic materials and to some degree, superior than each of 
them. 
 
1.2.1 Monofunctional POSS synthesis and polymeric application 
There are two main methods that can lead to the formation of monofunctional POSS 
structures. In the most commonly used method, cyclopentyl- or 
cyclohexyltrichlorosilane undergoes controlled hydrolysis to give a precursor 
compound with exactly one corner missing in the cage structure of POSS. Then the 
POSS-trisilanols are functionlized by “corner capping” with trichlorosilane coupling 
agents bearing the desired functional moiety. In this method, in case where the 
appropriate functionality is not directly available for corner capping, subsequent 
functional group transformations of the reactive group on the unique silicon are 
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possible. The schematic representations of this method are showed in Figure 3 wherein 
R is cyclohexyl or cyclopentyl and R’ can be hydride, chloride, hydroxide, nitriles, 
amines, isocyanates, styryls, olefins, acrylics, epoxides, norbornyls, bisphenols, acid 
































































































Figure 3. “Corner capping” method to prepare monofunctional POSS. 
 
Another less commonly used method to construct monofunctional POSS is based on 















































Figure 4. An alternate method for monofunctional POSS preparation. 
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In particular, the use of POSS nanoparticles as modifiers of organic polymers has 
received considerable attention recently due to the development of efficient synthetic 
protocols for the preparation of monofunctional POSS macromonomers. Such 
functional nanobricks allow for good dispersion of the nanoscale inorganic filler in the 
polymer and moreover, for covalent anchoring of the inorganic fillers. To date, the 
POSS molecules have been successfully incorporated into a wide variety of polymeric 
systems such as methacrylate[61], styryl[62], vinyl[60], norbornyl[63], epoxy[64], 
siloxane[29], polyurethane[65], poly(ethylene, glycol)[66], polyoxazoline[50], 
polyfluorenes[67], polyimide[68], polyolefin[69]. Simultaneously, different methods of 
polymerization has been employed to synthesize polymers contain POSS including 
conventional radical techniques[61], ring-opening metathesis[63], condensation 
polymerization[70] and atom transfer radical polymerization (ATRP)[71]. These 
POSS-polymers often exhibit increased oxidative stability, mechanical reinforcement 
and morphological modification wherein the mechanism is still unclear. Some 
representative systems are listed below. 
 
1.2.1.1 POSS-styryl polymers and copolymers 
The group led by Joseph D. Lichtenhan first developed the POSS-styryl polymers and 
copolymers[62]. The general procedure to synthesize monofunctional POSS was 
followed to obtain trisilanols R7Si7O9(OH)3 in which R are cyclohexyl 1a and 
cyclopentyl 1b (Figure 5). Then the (styrylethyl)-trichlorosilane (a 3:1 mixture of para 
and meta isomers) was “corner capped” to give the macromer 2a and 2b. The 
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homopolymer 3a, 3b and their copolymers were prepared by AIBN-initiated free 
radical polymerization. What worth mentioning is the difference in solubility and 
thermal properties between the cyclohexyl and cyclopentyl corner substituents. For the 
macromer 2a and 2b, 2a is about twice as soluble as its counterpart 2b, and these 
differences were amplified in homopolymer 3a and 3b. Among all the homopolymers 
and copolymers, only homopolymer 3b was insoluble in THF but can be dissolved in 
CHCl3. Both the glass transition temperature Tg (396 ) and decomposition 
temperature Td (445 ) for the cyclohexyl-substituted POSS-styryl homopolymer 3a 
are higher than those of the cyclopentyl-substituted POSS-styryl homopolymer 3b 
(Tg=343  and Td=423 ). Compared to the homopolyemr 3a and 3b, 
poly(4-methylstyrene) has substantial lower value of Tg (116 ) and Td (388 ). 
Although copolymer 8a and 8b exhibit lower Tg (112  and 113 ) and Td (378  
and 383 ) than those of poly(4-methylstyrene), as the mole percentage of POSS 
increased to 9%, the copolymer 7a and 7b have higher value of Tg and Td (7a, Tg=132
 and Td=402 ; 7b, Tg=127  and Td=399 ), which are higher than those of pure 
poly(4-methylstyrene). The Tg and Td value increase further with an increase in the 
mole percentage of POSS.  
 
The viscoelastic and morphological behavior of the POSS-styryl copolymers were also 
studied[72]. Rheological differences occurred as the mole fraction of POSS-styryl 
monomers was increased in POSS-styryl/4-methyl styrene copolymers. Low POSS 
mole fractions ( 28 wt% of 2a or 27 wt% of 2b) retained melt and solid phase 
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features similar to those of poly(4-methylstyrene). Viscoelastic behavior modification 
of the copolymer occurred as the POSS mole fraction increased ( 45 wt% of 2a or 
42 wt% of 2b) which led to a rubber-like behavior at high temperature. For example, 
the shear storage molulus, G’ of poly(4-methylstyrene) is 14.45 Pa at a frequency of 
0.1 rad/s at a temperature of 180 , whereas the corresponding G’ of its copolymer 
containing 8mol% of POSS 2a is 1000Pa. These results were attributed to the 

































































































4: x=0.23;  y=0.77
5: x=0.54;  y=0.46
6: x=0.82;  y=0.18
7: x=0.91;  y=0.09
8: x=0.99;  y=0.01
n
 




An explanation of this retardation in chain motion by POSS moieties has been 
suggested. The segment motion was retarded by interchain interactions between the 
massive POSS inorganic groups. The large mass and steric bulk of the POSS unit also 
result in the prevention of rapid shifts in the physical location of POSS, therefore 
retarding segmental motion. So the entangled polymer chain movement is more 
difficult and higher temperature is required to provide enough thermal energy for this 
process to occur and to achieve viscous flow. In summary, incorporation of 
POSS-styryl comonomer can improve the thermal properties and modify the 
rheological properties of the resultant nanocomposite. 
 
1.2.1.2 POSS-methacrylate (MA) polymers and copolymers 
Methacrylate substituted POSS macromoers with one polymerizable functional group 
had been introduced by conventional free radical polymerization[61] and controlled 
living polymerization[71]. The corner capped propyl methacrylate substituted POSS 
monomers with seven nonreactive cyclohexyl and cyclopentyl groups are examples. 
For the conventional radical polymerization method one (Figure 6), the monomer 1 
and 2 exhibit solubility difference in THF, toluene and benzene. The 
cyclohexyl-substituted POSS-MA 1 has approximately twice the solubility as the 
cyclopentyl-substituted POSS-MA 2. Furthermore, monomer 1 showed a broad 
two-step thermal transition beginning at 187 , which involves melting, 
polymerization and decomposition, whereas monomer 2 gave a similar thermal 
transition beginning at 193 . X-ray powder diffraction data indicated that both 
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macromonomer 1 and 2 were crystalline. The homopolymer of 1 and 2 and 1/2 
copolymer were synthesized by free radical polymerization using AIBN as the initiator. 
Homopolymer 3 and the 50/50 copolymer 5 are soluble in common solvents but on the 





1, R= c-C6H11 
2, R= c-C5H9
3, R= c-C6H11 
4, R= c-C5H9













































Figure 6. Reaction scheme of POSS-MA polymers and copolymers. 
 
The homopolymer 3, 4 and copolymer 5 appeared to be transparent brittle plastics and 
X-ray diffraction measurement indicated the amorphous morphology of these polymers. 
Neither the glass nor the melting transition of either homopolymer or copolymer was 
observed by DSC or DTMA from 0  to 400 . Apparently, incorporation of the 
POSS group into these linear polymers greatly reduces their segmental mobility. The 
absence of a noticeable glass transition in both homopolymers and copolymer most 
likely reflects an overall rigid nature of the methacrylate polymer backbone resulting 
from the dominant POSS pendent group. The thermal stability of POSS-MA 
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homopolymer 3, 4 and 50/50 copolymer 5 were observed to be very high. Without 
melting, homopolymer 3 decomposed at 388  while homopolymer 4 and copolymer 
5 decomposed at 389 . These decomposition temperatures are higher than the 
reported poly(methyl methacrylate) (PMMA) which begins its depolymerization to 












































































































 = Poly(methyl acrylate) 
= POSS-MA cage
 
Figure 7. ATRP method for the preparation of POSS-MA polymer and copolymer. 
 
The family of linear polymers containing POSS was enlarged by applying POSS 
monomers to living and controlled polymerizations, because novel materials of 
varying composition, topology and well-defined molecular weights can be prepared[73]. 
Specifically, atom transfer radical polymerization (ATRP) was used to prepare 
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methacrylate POSS polymers and copolymers (Figure 7). In the ATRP of POSS-MA 
homopolymer, 4-(methylphenyl) 2-bromoisobutyrate was used as the initiator, along 
with a copper (I) chloride / N,N,N’,N’’,N’’-pentamethyldiethylenetriamine (PMDETA) 
catalyst system at 50 . 1H NMR showed that monomer conversion reached 72% and 
homopolymers of POSS-MA with DPn=14 were synthesized with low 
polydispersities(PDI) Mw/Mn=1.14. 
 
Hybrid triblock copolymers of POSS-MA and n-butyl acrylate were also prepared by 
ATRP. In the triblock copolymer synthesis, the macroinitiator was prepared by the 
ATRP of n-butyl acrylate (n-BA) using dimethyl 2,6-dibromoheptanedioate as the 
difunctional initiator. Successful chain extension with POSS-MA from the p(MA) was 
observed to have high conversion of more than 95% which was calculated by 1H NMR. 
SEC (Size Exclusion Chromatography) method was used to confirm chain extension. 
Starting from a difunctional macroinitiator of p(BA) (Mn SEC=13750; Mw/Mn=1.17), 
the incorporation of p(POSS-MA) produced an ABA triblock copolymer (Mn=22800; 
Mw/Mn=1.19)[71]. A star-block copolymer of poly(methyl methacrylate) and 
p(POSS-MA) was prepared by similar ATRP method. P(MA) was synthesized using 
(1,1,1-tris(4-(2-bromoisobutyryloxy)phenyl)-ethane) as trifunctional initiator. The 
p(MA) star-polymer was then used as a macroinitiator in the ATRP of POSS-MA 
under the same condition as triblock copolymer p((POSS-MA)-b-BA-b-(POSS-MA)). 
A high monomer conversion for the chain extension reaction was achieved, 91%, 
which is evidenced by consumption of vinyl protons in 1H NMR. From SEC of the 
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star-block copolymer, efficient chain extension from a p(MA) macroinitiator (Mn 
SEC=7390; Mw/Mn=1.08) with p(POSS-MA) leading to a star-block copolymer 
(Mn=18060; Mw/Mn=1.30) was observed.  
 
1.2.1.3 Amphiphilic telechelics incorporating POSS to PEG 
POSS macromer attaching to the ends of homopolymer poly(ethylene glycol) (PEG) to 
synthesize amphiphilic telechelics was reported[74]. The synthesis of the amphiphilic 
telechelics incorporating POSS macromers was achieved by forming the urethane bond 
between a monoisocyanate group of POSS macromer and each hydroxyl group of PEG 

























































































Figure 8. Scheme to prepare amphiphilic telechelics with POSS ending groups. 
 
Linear PEGs with different molecular weight (1k, 2k, 3.4k, 8k, 10k g/mol) were used 
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to control the molecular architecture by hydrophobic/hydrophilic balance, thus varying 
both the compositon (POSS content of 68.1%, 52.7%, 40.7%, 23.6% and 19.8% 
respectively) and the hydrophobicity of the synthesized amphiphilic telechelics. The 
successful synthesis of amphiphilic telechelics was confirmed by 1H NMR in which 
the emergence of a weak proton signal at about 4.2ppm, accompanied with the 
disappearance of a proton signal of the –CH2-NCO group (3.27ppm) evidenced the 
formation of urethane linking group. The synthesized amphiphilic telechelics had low 
molecular weight distribution (Mw/Mn<1.1) and close to 2.0 end groups per PEG chain. 
While PEG homopolymer are soluble in water and POSS macromers are soluble in 
hexane, the synthesized amphiphlic telechelics could not dissolve in either water or 
hexane, suggesting the dramatic change in solubility after incorporating the POSS 
macromers. The crystallinity of PEO segments in the amphiphilic telechelics is 
significantly decreased when the POSS content in the amphiphilic telechelics is 40.7% 
and becomes amorphous beyond about 50%. So several amphiphilic telechelics with 
different thermal and morphological properties can be obtained by controlling the 
balance of the hydrophilic PEG homopolymer and hydrophobic and bulky POSS 
macromers. Detailed relationships are still under investigation. 
 
1.2.2 Multifunctional POSS synthesis and applications 
Multifunctional POSS derivatives can be made by the condensation reaction of XSiY3 
type monomer, as described above, which lead to the octa-functional POSS X8(SiO1.5)8. 
But this method finds its difficulty in preparing the multifunctional POSS on a one-pot 
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basis due to the unavailability of complicated XSiY3 type monomer and the low yield 
inherent in the reaction. Alternately, multifunctional POSS can be prepared by further 
functionalization of POSS cages that have already been formed. Because the relative 
mature preparation schemes of simple starting POSS cages and the numerous 
manipulation techniques on the known cages, this method received more attention 
lately. In general, there are five commonly used starting POSS cages, namely, T8H8, 
T8V8, T8S8, T8SV8, T8P8 (Figure 9)[75]. Different POSS cages have different synthesis 
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1.2.2.1 T8H8 and T8S8 POSS synthesis and applications 
T8H8 was first prepared fortuitously in about 0.1% yield in 1959 by Muller et al[76] 
while studying the preparation of poly(hydridosilsesquioxanes). In 1970, Frye and 
Collins increased the yield to 13% by an improved method involving the careful 
hydrolysis of HSiCl3 in a benzene-concentrated H2SO4 mixture[77]. A further 
improvement was made in 1991 by Agaskar[78], who developed a new synthetic 
procedure which gave a mixture of T8H8 and H10Si10O15 (T10, R=H, Figure 1) in high 
yield (about 27%) by using partially hydrated FeCl3 as the source of water for the 
hydrolysis of HSiCl3. Isolation of T8H8 was very easy to implement by crystallization, 
giving a yield of ca. 17.5% of pure T8H8. It was recognized in 1988 that the T8H8 bore 
a close resemblance structure to the zeolite[79]. In consequence, it was considered that a 
detailed spectroscopic investigation of T8H8 would afford a better understanding of 
zeolites and lead to new chemistry of related structure[80]. It took almost 40 years after 
the initial synthesis of T8H8 before the first Si-H substitution reaction of this cage 
compound was reported by Day et al in 1985[81]. In their experiments, photochemical 
chlorination of T8H8 in CCl4 resulted in >95% yield of Cl8Si8O12, which is less reactive 
and therefore easier to handle than many other chlorosilanes. The corresponding 
octamethoxy compounds (MeO)8Si8O12 is obtained in 45% yield by further reaction of 
Cl8Si8O12 with MeONO (equation 2 and 3).  
 
Hv




25oC [Si8O12](OCH3)8 8NOCl     (3)+  
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With the ease of synthesis and functionalizaiton, T8H8 was extensively studied as thin 
film precursors and building blocks for organic-inorganic hybrid composite. Nyman et 
al reported the chemical vapor deposition (CVD) of SiO2 thin film from T8H8 
precursors[31]. The films were specular, smooth, amorphous and stoichiometric SiO2. 
The T8H8 precursor was characterized in terms of its volatility and decomposition 
properties. It was found that T8H8 precursor was volatile (1-100 mTorr) and thermally 
stable over 80-140  and had an enthalpy of vaporization of 78KJ/mol. 
Decomposition of T8H8 precursor in an O2 environment was initiated at 250  and 
completed by 350  at a decomposition time of 30min. Optimal CVD precursor 
vaporization temperature for T8H8 is 80  with 1000 sccm O2 carrier gas, 250 sccm 
moist N2 and total reactor pressure of 10 Torr. Below 80 , deposition rate was 
decreased, and above 80 , powder formation occurred. Optimal film growth rate 








































Ethyl      2
Propyl    3
Butyl      4
Pentyl     5
Hexyl     6
Heptyl    7
Octyl      8
Nonyl     9
Decyl     10
 
Figure 10. Synthesis of homologous series of T8H8 derivatives. 
 
Thermal properties of homologous series of T8H8 derivatives were also reported 
(Figure 10)[82]. Elemental analysis, mass spectroscopy, 13C NMR and 29Si NMR were 
used to confirm the proposed structure. Melting points of the resultant homologous 
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T8H8 derivatives were determined by microscope, DSC and DTA. And the values 
obtained from different methods were in good agreement. Microscopic study and 
DTA/TGA measurements showed that 2 sublimated even under ambient conditions. 3 
(212.0 ) exhibited a relatively high melting point than 4 (69.5 ) and 5 (24.0 ). For 
derivatives with longer n-alkyl chains from 5 to 10, the melting points showed a clear 
odd-even effect with the compounds with odd number of carbon atoms exhibiting 
generally lower melting points.  
 
Thermogravimetry (TGA) was employed to study the thermal degradation of the series 
under N2 and air. In both environments, with increasing alkyl chain length, the onset of 
the weight loss was found to shift to a higher temperature. But in N2 condition, the 
total weight loss of all T8H8 derivatives at 500  exceeded 80% and was thus larger 
than the organic fraction of the materials. The author assumed this might be due to the 
evaporation of the compounds as well as decomposition and rearrangement under 
formation of larger siloxane structures. In air environment, for 5-10 the onset 
temperatures of decomposition were found to be lower than the counterparts under N2 
environment. A slight weight increase occurred above 100  and was explained by 
oxidation and partial cross-linking of the materials. The total weight loss at 500  
under air was generally lower than under N2 atmosphere which was in agreement with 
the formation of a cross-linked network structure. 
 
The optoelectronic properties of T8H8 are also studied recently (Figure 11)[67]. 
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Lighting-emitting polyfluorenes were chosen to connect to the POSS core by 
Ni(0)-catalyzed coupling. 1H NMR, 13C NMR, 29Si NMR, FTIR and elemental 



































































Figure 11. Synthesis of optoelectronic POSS-PFO. 
 
It is found that the incorporation of POSS into Polyfluorene could significantly reduce 
aggregation and enhance thermal properties. The DSC study showed elimination of the 
glass transition and crystallization and reduction on the melting enthalpy in PFO-SQ. 
The UV-vis absorption spectra measured in a different solvent combination or 
solid–state film show an intensive reduction of the aggregation peak for PFO-SQ. 
Although the photoluminescence spectra of PFO-SQ showed a strong green emission, 
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its thermal stability could only be up to 150 . The single layer PFO-SQ LED device 
indicated a turn-on voltage of 6.0V, a brightness of 5430cd/m2 and a current density of 
0.844A/cm2. The maximum luminescence intensity and quantum efficiency of 
PFO-SQ were almost twice as good as those of PFO, which opened a new 
improvement methodology for the thermal and optoelectronic properties of OLEDs.  
 
Another derivative of T8S8 was first prepared by Hoebbel et al in 1989[83] and 
improved by Hasegawa[84]. An ionic method was applied for the synthesis and the 
















































Figure 12. Scheme for the synthesis of T8S8. 
 
Compared with T8H8, T8S8 is easier to be incorporated by hydrosilylation. Laine et 
al[44]. found that octakis(3-hydroxypropyldimethylsiloxy)octasilsesquioxane (OHPS) 
can be synthesized by direct hydrosilylation of allyl alcohol with T8S8 using platinum 
divinyltetramethyldisiloxane [Pt(dvs)] as catalyst. Hydrosilylation of allyl alcohol with 
T8S8 was revealed to provide C-silylation at C=C rather than O-silylation, which gave 
a general method to prepare OH functionalized POSS materials. The resultant OHPS 
acted as a basis for the development of polyester nanocomposite precusors. As an 
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example, octakis(3-methacryloxypropyldimethylsiloxy)octasilsesquioxane (OMPS) 
was easily prepared directly from OHPS and previously unwanted polymerization that 
accompanied hydrosilylation of allyl or propargyl methacrylates was eliminated 
successfully. Preliminary polymerization studies showed that OMPS readily 
polymerized under UV light ( =460nm) to give a cross-linked nanocomposite. 
 
1.2.2.2 T8V8 and T8SV8 synthesis and applications 
The structure T8V8 and T8SV8 were prepared by Agaskar in 1990 and 1992 
respectively[85,86]. T8V8 was synthesized readily from CH2=CHSiCl3 and water. Under 




[Si8O20](SiMe2CH=CH2)8     (4)+  
 
T8SV8 was synthesized by a special solution method. In the procedure, three solution 
are mixed in sequence and the product extracted from the reaction mixture with an 
immiscible hydrocarbon solvent. The constitutions of the three solutions are as 
follows:  
S1: H2O (20ml) + Me4NOH (25% aqueous, 20ml) + (H3CO)4Si (8.1ml)
 
      + Me2SO (42ml) + H2O (H2O:Me2SO=1:1; [Si]~0.65M)
S2: (H3CO)2C(CH3)2 (70ml) + HCl (~10M, 3.0ml)
 
      + CH2CHSi(CH3)2OSi(CH3)2CHCH2 (10ml)
S3: (CH3)2NCHO (20ml) + CH2CHSi(CH3)2OSi(CH3)2CHCH2 (10ml)
 
      + CH2CH(CH3)2SiCl3 (5ml)  
Chapter 1 
24 
During the experiment, solution S1 which contained the [Si8O20]8- anion was added 
dropwise over a period of 20min to the solution S2. The mixture was then stirred for 
15min. Within this time the reaction of water in solution S1 and (H3CO)2C(CH3)2 in 
solution S2 led to the formation of methanol and acetone, whilst the [Si8O20]8- anion is 
partially silylated. Solution S3 was then added to complete the silylation reaction, and 
the product was separated by the usual methods.  
 
Both T8V8 and T8SV8 were epoxy-functionalized by using ten equivalents of 
m-chloroperoxybenzoic acid (m-CPBA) to form silsesquioxane synthetic platforms[75]. 
They converted to the octaepoxides as demonstrated by 1H, 13C, 29Si solution NMR, 
and chemical and mass spectral analysis. The noticeable difference between the two 
octaepoxides lies in the ease to remove the byproducts. Although 
octaepoxy-functionalized T8SV8 was easy to be isolated, attempts to isolate T8V8 
octaepoxides were unsuccessful which gave only intractable gels. But when T8V8 was 
reacted with three rather than ten equivalents of m-CPBA, a partially epoxidized 
product was isolated. After recrystallization, NMR analysis indicated an average ratio 
of vinyl to epoxy groups of ca. 6:2, suggesting that two vinyl groups out of eight were 
epoxidized on each POSS. The partially epoxidized T8V8 and fully epoxidized T8SV8 
were polymerized using ZnCl2, BF3OEt2 initiators or ethylene diamine as a 
crosslinking reagent at ambient temperature in CH2Cl2. Insoluble polymers resulted 




1.2.2.3 T8P8 synthesis and applications 
The derivative, T8P8, was first synthesized by Brown in 1964[87]. In their procedure, 
phenyltrichlorosilane was dissolved in benzene and shaken with water to complete the 
hydrolysis. After removing the acid layer and washing with water, methanolic 
benzyltrimethylammonium hydroxide solution was added. The mixture was refluxed 
for 4 hours and stood for 4 days, refluxed for another 24 hours. After cooling and 
filtered, 88% T8P8 was achieved. 
 
T8P8 can be further amine-, bromo- and acid-functionalized to achieve more robust 
nanoplatfoms[88,89]. For example, octa(aminophenyl)silsesquioxane (OAPS) was 
synthesized and reported to be a versatile nanoconstruction site[89]. It was produced 
successfully by Pd/C catalyzed hydrogenation of octa(nitrophenyl)silsesquioxane 





























































Figure 13. Synthesis of octa(aminophenyl)silsesquioxane (OAPS). 
 
OAPS can be functionalized by Pd-catalyzed coupling of bromofluorene to provide a 
potential route for hole-transport materials in organic light-emitting diodes (OFPS, 
Figure 14). 1H NMR showed that, on average, ~5 fluorene groups per cube was 
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introduced. Steric hindrance may be the reason to make complete substitution difficult. 
Meanwhile, OAPS reacts rapidly with 2-pyridinecarboxaldehyde under mild 
conditions, giving an imine that emits green light under UV illumination (OSPS, 
Figure 14). This type of imine offers potential for forming metal chelate complexes for 









































































Figure 14. Synthesis of OFPS and OSPS. 
 
1.3 Organic Light-emitting Materials 
1.3.1 Conventional organic light-emitting materials 
Light-emitting materials are the primary substance for organic light-emitting diodes 
(OLEDs) that generate electroluminescence (EL) in plat panel display applications[90]. 
A key reason for choosing organic materials is the high fluorescence efficiency 
characteristic of many organic molecules. In particular, intense blue fluorescence with 
near unity quantum yield is known to exist in many classes of organic compounds, 
such as stilbenes, coumarins and anthracenes. Actually, early work on organic 
electroluminescence in anthracenes crystals has shown efficiency as high as 5% in 
emitted photons per injected carrier. The theoretical maximum is about 25%, limited 
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only by the probability of creating radiative singlets in the electron-hole recombination 
process[91]. 
 
Figure 15. Prototype multilayer structure of a thin-film EL device. 
 
Numerous fluorescent materials, either as host-emitters or dopants, have been known 
and developed since reports from Kodak on green OLED in 1987[92] and the 
dopant-based green and red OLEDs in 1989[93]. Figure 15 shows a prototype device 
with a multilayer EL structure using an aromatic diamine as the hole transport layer 
and tris(8-hydroxy-quinolinato) aluminum (AlQ3) plus dopant as the electron transport 
emitting layer. Using this multilayer structure and several other variations, 
electron-hole pair recombination can be largely confined to the interface between the 
two organic layers. By spacing this interface at a sufficient distance from the contacts, 
the probability of quenching near the metallic surfaces is greatly reduced. As a result, 
the EL emission is highly efficient. To some extent, each organic layer in this bilayer 
structure can be independently optimized with respect to its carrier transport and 
Chapter 1 
28 
luminescent properties, providing a considerable degree of freedom in the choice of 
organic materials for EL devices. In fact, numerous organic materials have been 
investigated in various multilayer structures, adopting the basic bilayer principle[94]. 
 
Among the organic EL materials that have been reported, there are basically two types 
of emitter layers used in the devices. The most commonly employed emitter layer is 
one requiring organic molecules that possess both the properties of carrier-transporting 
and luminescence (host emitter). The other type of emitter is often referred to as the 
dopants, which is generally dispersed in the host matrix by coevaporation. The dopant 
molecules are organic fluorescent dyes, which are excited by energy-transfer from the 
host emitter giving rise to various color emissions. Due to their high fluorescent 
quantum efficiency, these dopants have been shown to enhance both the efficiency as 

























blue dopant  
Figure 16. Examples of organic light-emitting materials. 
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1.3.2 Organic-inorganic hybrid light-emitting dots 
In terms of the organic-inorganic hybrid light-emitting dots, typically they are formed 
based on the specific construction site or center. AlQ3 is well known for its high 
performance by having an aluminum atom at the center[96-100]. While recently, hybrid 
dot light-emitting materials based on nonmetal construction site attract much attention. 
Several tetrahedral core compounds such as tetraphenylmethane and tetraphenylsilane 
have been intensively employed as building blocks for the synthesis of optoelectronic 
materials[101-103]. For example, a (diphenylamino) oxadiazole-substituted 
tetraphenylsilane compound Ph3Si(PhTPAOXD) was synthesized as a novel 
high-performance blue light-emitting diode[104] (Figure 17). The optimized device 
indicated maximum EL near 19000cd/m2 with relatively low current density of 
674mA/cm2 (or near 3000cd/m2 at 100 mA/cm2) and high external quantum efficiency 
of 2.4% (1.1 lm/W or 3.1cd/A). Possessing good blue color purity with EL emission 
maximum at 460nm, it is also reasonably stable and sustains heating over 100  with 





















Figure 17. Ph3Si(PhTPAOXD) (left) and TOPEG (right). 
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Recently, a novel class of water-soluble tetrahedral fluorescent organic compounds 
(TOPEG) based on tetraphenylmethane, oligothiophene and PEG were synthesized by 
Grignard and Suzuki coupling reactions[105] (figure 17). Unlike other PEG-linked 
fluorescent compounds, the newly synthesized tetrahedral luminescent polymer 
doesn’t show significant solution effects. In organic solutions, the quantum yield of the 
polymer is 15%, which is higher than its parent carboxylic acid in the same solvent. 
The increase in quantum yield of the polymer may be attributed to the PEG side chains, 
which sterically reduce the intermolecular interaction of the chromophoric cores in 
organic solutions thus decreasing the non-emissive energy loss. In aqueous solution, 
the long wavelength absorption maximum of the polymer is similar to that determined 
in organic solutions. However, significant red shift of maximum emission wavelength 
and decrease in fluorescent intensities are observed. Such red shift of water-soluble 
fluorescent compounds was attributed to self-aggregation due to the amphiphilic nature 
of the compounds. Such self-aggregation was also studied by dynamic light scattering 
(DLS). It shows that a nano-aggregation exists in the polymer with an average size of 
13nm and relatively narrow size distribution. The results indicated that the branched 
structure with hydrophobic chromophores are located inside and have effectively 
minimized the aggregation of amphiphilic polymers in aqueous media. 
 
1.4 Project Objectives and Scope of Thesis 
From a historical view of research progress in POSS materials, we found that the 
highlighted research area now is to take advantage of the cubic structure of POSS to 
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build nanocomposites with novel properties. For this kind of synthesized 
zero-dimensional nano-structure, the particle size plays an important role in 
determining the performance of the material by adjusting the band gap[106]. A good 
example of these materials is semiconductor nanocrystals such as CdSe, which has a 
tunable band gap controlled by different particle sizes during synthesis. Compared 
with inorganic semiconductor nanocrystals, little knowledge on the size-properties 
relationship has been collected for the organic-inorganic hybrid nanocomposites. 
While for these hybrid nanocomposites, the band gap is important in many ways such 
as tailoring the energy transfer and light absorption. 
 
We herein found it is necessary to study the size-properties relationship in our POSS 
system to gain more fundamental information about this unique structure. To achieve 
this, a series of arms, which include two phenyl rings and different ending alkyl chains, 
were designed to attach to the POSS core. The different ending alkyl chains give us a 
simple way to modify the particle size as well as the interparticle distance which is 
also an influential factor to the overall properties[107].  
 
Being a relatively new category of nanocomposite, POSS is on its way to find novel 
fresh application areas. Simultaneously, the known organic light-emitting materials are 
facing the drawbacks such as aggregation and poor processibility. These limitations 
force the researchers to explore other reliable structures. By combining these trends, an 
idea of building the organic-inorganic hybrid light-emitting compounds with POSS 
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cores comes to our mind.  
 
To this end, theoretical calculations about the electronic and structural properties of 
octahydrosilsesquioxane (isolated molecular and crystalline H8Si8O12), 
monosubstituted and higher phenyl-substituted octahydrosilsesquioxanes (PhH7Si8O12, 
Ph2H6Si8O12, (Ph-Ph)H7Si8O12 and both isolated molecular and acetone solvate 
Ph8Si8O12) were conducted by plane-wave (PW), pseudo-potential (PP), and density 
functional theory and the generalized gradient approximation (DFT-GGA) methods[108].   
They revealed that the orbitals near the highest occupied molecular orbitals (HOMOs) 
and lowest unoccupied molecular orbitals (LUMOs) for the phenyl-substituted 
polyhedral oligomeric silsesquioxane clusters and crystal are localized on the phenyl 
functional groups. Substitution of the H atoms with phenyl rings at one corner, two 
(three alternates) and all eight corners of H8Si8O12 indicates the HOMO-LUMO gaps 
are almost identical. Furthermore, with the addition of one more phenyl ring to the 
phenyl-substituted corner, the HOMO-LUMO gap decreases and the wavelength 
blue-shifted. Whereas for both isolated molecular and crystalline H8Si8O12, the HOMO 
is the orbit with the lone pair on the O atoms.  
 
Another interesting result was reported by our group recently about quantum dot-like 
properties in highly efficient luminescent POSS clusters[109]. A number of 
characterization approaches (TEM, UV, PL and Raman) were applied to test the 
potential quantum confinement in the two newly synthesized luminescent POSS 
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clusters whose structures are showed in Figure 18. Many characterization methods 
have confirmed the quantum confinement phenomenon within these structures and one 
of the features that makes these clusters novel is their high efficiency. Compared with 
individual arms, the incorporation into the POSS cores significantly increases the PL 
efficiencies of the composites. For the two phenol rings substituted POSS cluster, the 
quantum efficiency of isolated arms is 7%, whereas after incorporation of POSS, the 
quantum efficiency increases to 33%. For the three phenol rings substituted POSS 
cluster, the quantum efficiency of arms is 14%. However, the corresponding POSS 





























Figure 18. Structures of quantum confinement POSS clusters  
 
Both the theoretical calculation and quantum confinement study reveal the 
incorporation of POSS cores will improve the quantum efficiency of the resultant 
materials without affecting the HOMO-LUMO structures of arms. Recalling the 
prevailing low quantum efficiency due to aggregation for small molecular organic 
light-emitting materials, we believe that POSS core is a promising candidate for 
structure design of highly luminescent organic light-emitting molecules. So we 
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designed an novel light-emitting structure with a POSS core and conjugated organic 
arms which are composed of one phenyl ring and 2,2’-bithiophene derivatives. 
Bithiophene derivatives were chosen because of their reported good optoelectronic 
properties and synthesis routes available[110]. Thus, the main objective of this thesis 
work is to 1) synthesize well-defined POSS nanocomposites with different sizes by 
incorporation of different alkyl chain ending length; 2) synthesize light-emitting POSS 
composites. The results of these studies are presented and discussed sequencially in 




Chapter 2. Experiment 
2.1 Materials 
Anhydrous tetrahydrofuran (THF) was collected by redistillation over sodium and 
benzophenone under nitrogen atmosphere. All other chemicals were obtained without 
further purification from various chemical companies including JT Baker Inc.; EM 
Science; Aldrich; Merck; Fluka and Goodrich Chemical Enterprise. Some typical 
chemicals are listed below (table 2-1): 
 
Chemical Purity Purchased from 
2,5-dimethylphenol 97% Aldrich 
bromine 99.5% Aldrich 
1-bromobutane 99% Aldrich 
1-bromohexyane 98% Aldrich 
1-bromooctane 99% Aldrich 
1-bromodecane 98% Aldrich 
phenyltrichlorosilane 97% Aldrich 




2-bromothiophene 98% Aldrich 
1-bromo-2-ethylhexane 95% Aldrich 
1,3-Bis(diphenylphosphino)propane 
nickel (II) chloride 
97% Fluka 
Butyllithium 2.5M in hexane Aldrich 
Table 2-1. Chemicals used in this research 
 
2.2 Characterization Techniques 
Nuclear Magnetic Resonance Spectroscopy (NMR), Mass Spectrometry (MS) and 
Fourier Transform Infrared Spectroscopy (FTIR) techniques are general methods to 
determine the molecular structures of complex organic compounds. Differential 
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Scanning Calorimetry (DSC), Thermogravimetric Analysis (TGA), X-ray Diffraction 
(XRD), Ultraviolet and Photoluminescence Spectroscopy (UV, PL) are commonly 
used to characterize the physical properties of the compounds. In this thesis, 1H, 13C, 
29Si nuclear magnetic resonance data were obtained by Bruker Avance 400 
spectrometer. UV-Vis spectra were recorded on a Shimadzu 3101 spectrophotometer. 
Fluorescence (PL) measurement was carried out on a Perkin-Elmer LS 50B 
luminescence spectrometer with a xenon lamp as a light source. XRD was recorded on 
a Bruker GADDS under a voltage of 40 kV and a current of 40 mA using CuKa 
radiation (  = 0.15418nm). FTIR spectra were recorded on a Bio-Rad FTS 165 
spectrometer by dispersing samples in KBr disks. DSC measurements were performed 
under nitrogen flow of 30 ml/min on a TA Instruments 2920 differential scanning 
calorimeter equipped with a cooling accessory and calibrated by using indium.  
Details of each of the methods are listed below. 
 
Nuclear Magnetic Resonance Spectroscopy (NMR)[111] 
Nuclear magnetic resonance (NMR) spectroscopy is the most valuable spectroscopic 
technique available to organic chemists. Structure determination for almost all organic 
and biological molecules begins with it. It’s the method of structure elucidation that 
organic chemists first turn to for information for the reason that it provides a “map” of 
those nuclei with an odd number of protons (1H, 2H, 14N, 19F, 31P, for example) and all 
nuclei with an odd number of neutrons (13C, for example). That means for typical 
organic molecules, an illustration of carbon-hydrogen framework can be obtained.  
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Many kinds of atomic nuclei behave as if they were spinning about an axis, much as 
the earth spins daily. Since they are positively charged, these spinning nuclei act like 
tiny bar magnets and therefore interact with an external magnetic field. In fact not all 
nuclei act as this way, all nuclei with an odd number of protons and all nuclei with an 
odd number of neutrons show magnetic properties. Only nuclei with even number of 
both protons and neutrons do not give rise to magnetic phenomena. But fortunately for 
organic chemists, many nucleus such as 1H, 13C and 29Si nucleus do have spins. In the 
absence of an external magnetic field, the spins of magnetic nuclei are oriented 
randomly. When a sample containing these nuclei is placed between the poles of a 
strong magnet, however, the nuclei adopt specific orientations (figure 2-1). A spinning 
1H and 13C nucleus can orient so that its own tiny magnetic field is aligned either with 
(parallel to) or against (antiparallel to) the external field. The two orientations do not 
have the same energy and therefore are not equally likely. The parallel orientation is 
slightly lower in energy by an amount that depends on the strength of the external field, 
which means this spin state very slightly favored over the antiparalle orientation.  
 
Figure 2-1. Nuclei spins are randomly orientated in A and have specific orientation in B with 
applied external magnetic field B0. 
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If the oriented nuclei are now irradiated with electromagnetic radiation of the proper 
frequency, the lower energy state will absorb a quantum of energy and spin-flip to the 
high energy state. When this spin transition occurs, the nuclei are said to be in 
resonance with the applied radiation, hence the name nuclear magnetic resonance. The 
exact frequency necessary for resonance depends both on the strength of the external 
magnetic field and on the identity of the nuclei. If a very strong magnetic field is 
applied, the energy difference between the two spin states is larger and 
higher-frequency (higher energy) radiation is required for a spin-flip. If a weak 
magnetic field is applied, less energy is required to effect the transition between 
nuclear spin states.  
 
Nuclei are shielded from the full effect of the applied field by the circulating electrons 
that surround them. Since each specific nucleus in a molecule is in a slightly different 
electronic environment, each nucleus in a molecule is in a slightly different extent, and 
the effective magnetic field is not the same for each nucleus. If the NMR instrument is 
sensitive enough, the tiny differences in the effective magnetic fields experienced by 
different nuclei can be detected, and a distinct NMR for each chemically distinct 
carbon or hydrogen nucleus in a molecule can be observed.  
 
To define the position of an absorption, the NMR chart is calibrated and a reference 
point is used. In practice, a small amount of tetramethylsilane (TMS) is added to the 
sample so that a reference absorption peak is produced when the spectrum is run. TMS 
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is used as reference for both 1H and 13C measurements because it produces in both a 
single peak that occurs upfiled of other absorptions normally found in organic 
compounds. The position on the NMR chart at which a nubleus absorbs is called its 
chemical shift. By convention, the chemical shift of TMS is set as the zero point and 
other absorptions normally occur downfield, to the left on the chart. NMR charts are 
calibrated using an arbitrary scale called the delta (δ) scale, where 1δ is equal to 1 part 
per million (ppm; one-millionth) of the spectrometer operating frequency. The 
following equation can be used for any absorption: 
 
Observed chemical shift (Hz)
Spectrometer frequency (MHz)
=δ           Equation 2-1 
 
The advantage of using chemical shift is when measuring a system in which NMR 
absorption are expressed in relative terms (ppm relative to spectrometer frequency) 
rather than absolute terms (Hz), it’s possible to compare spectra obtained on different 
instruments. So the chemical shift of an NMR absorption in δ unit is constant, 
regardless of the operating frequency of the spectrometer.  
 
The area under each peak is proportional to the number of protons causing that peak. 
By electronically measuring, or integrating, the area under each peak, it’s possible to 
measure the relative number of each kind of proton in a molecule. By this way, NMR 




Fourier Transform Infrared Spectroscopy (FTIR)[112] 
Infrared spectroscopy is a well-established technique, and commercial instruments 
have been available since the late 1940s. Over the years a very large number of 
infrared spectra have been accumulated in the literature and collections of reference 
spectra are commercially available. This makes infrared spectroscopy a very useful 
tool for determination of molecular structure. Direct information about the presence of 
functional groups is immediately available. Comparison of the infrared spectrum of an 
unknown material with a reference spectrum, or with the spectrum of a known 
compound, can provide absolute proof of the identity of the unknown substance. 
 
It is a method to record the infrared absorption spectrum of compound. The spectrum 
is a plot of the percentage of infrared radiation that passes through the sample (% 
transmission) vs. the wavelength (or wavenumber) of the radiation. The position and 
relative sizes of the absorption peaks (also called bands) give clues to the structure of 
the molecules. It is well known that all molecules have a certain amount of energy 
distributed throughout their structure, causing bonds to stretch and contract, atoms to 
wag back and forth, and other molecular vibrations to occur. The amount of energy a 
molecule contains is not continuously variable but is quantized. That is, a molecule can 
stretch or bend only at specific frequencies corresponding to specific energy levels. 
Take bond stretching, for example. Although we usually speak of bond lengths as if 
they were fixed, the numbers given are actually averages. In fact, bonds are constantly 
changing in length. Thus, a typical C H bond with an average bond length of 110 pm 
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is actually vibrating at a specific frequency, alternately stretching and contracting as if 
there were a spring connecting the two atoms. 
 
In other words, when a molecule is irradiated with electromagnetic radiation, energy is 
absorbed if the frequency of the radiation matches the frequency of the vibration. The 
result of this energy absorption is an increased amplitude for the vibration, which 
means that the “spring” connecting the two atoms stretches and compresses a bit 
further. Since each frequency absorbed by a molecule corresponds to a specific 
molecular motion, we can find what kinds of motions a molecule has by measuring its 
IR spectrum. By interpreting those motions, we can find out what kinds of bonds 
(functional groups) are present in the molecule.  
 
Traditional (dispersive) infrared techniques experience difficulties due to the “one 
wavenumber at a time” nature of data acquisition. This leads to either a poor 
signal-to-noise ratio in a spectrum or a very long time needed to obtain a high quality 
spectrum. Both these situations cause problems for practical measurements. These 
problems can be overcome by using Fourier transform infrared spectroscopy (FTIR) 
which is based on the interferometer originally designed by Michelson and a 
mathematical procedure developed by Fourier that converts response from the “time” 
to the “frequency” domain. 
 
Developments in Fourier Transform Spectroscopy (FTIR) which made possible by the 
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wide availability of powerful computers, have extended applications of interferometry 
to the whole infrared region and FTIR instruments have largely replaced the traditional 
instruments for higher signal-to-noise ratio together with the capability of complex 
data handling.  
 
 
Figure 2-2. Schematic illustration of Michelson interferometer. 
 
In the typical interferometer (Michelson interferometer, Figure 2-2) a parallel, 
polychromatic beam of radiation from a source (A) is directed to a beam splitter (B), 
made from an infrared transparent material, such as KBr. The beam splitter reflects 
approximately half of the light to a mirror, known as the fixed mirror (C), which in 
turn reflects the light back to the beam splitter. The rest of the light passes through to a 
mirror, moving continuously, at a known velocity, back and forth along the direction of 
the incoming light and this is known as the moving mirror (D). Upon reflection from 
the moving mirror, radiation is then directed back to the beam splitter. At the beam 
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splitter some of the light that has been reflected from the fixed mirror combines with 
light reflected from the moving mirror and is directed towards the sample. After 
passing through the sample (E) the radiation is focused onto the detector (F). The 
detectors are sufficiently fast to cope with time domain signal changes from the 
modulation in the interferometer. 
 
The variation of light intensity on passing through an absorbing medium may be 





= = ε                  Equation 2-2 
 
Where A is the absorbance; I0 is the incident light intensity; I is the intensity at a depth 
l in the absorbing medium; c is the concentration of the absorbing species; and ε is a 
constant for the material termed the absorptivity or extinction coefficient. 
 
Values of absorbance range from zero when there is no absorption (I=I0) to infinity 
when there is complete absorption of the incident radiation (I=0). Transmittance is 
defined as T=I/I0 so that the percentage transmittance is 100I/I0 and absorbance 
A=log(1/T). In principle, determination of the concentration of the absorbing species 
can be made by direct application of the Beer-Lambert Law provided that the 




Mass Spectrometry (MS)[113] 
Mass spectrometry (MS) is a spectroscopic method for elucidating molecular structure 
and is one of the interdisciplinary methods for materials characterization. Mass 
spectrometry is both a tool for accomplishing measurements in many areas of science 
and the basis for a fundamental chemical science, namely, gas phase ion chemistry. 
Knowledge of intrinsic (gas phase) ion chemistry is of value in elucidating phenomena 
seen in solution. It allows direct comparisons of structure and thermochemistry with ab 
initio calculations. 
 
Mass spectrometry is distinguished by its extremely high sensitivity and by its 
applicability to samples in all physical states (including aqueous solutions and solid 
materials) and to samples of high as well as low molecular weight. It is usually 
performed to determine the molecular weight of a compound. To accomplish this end, 
one of the several ionization methods for producing intact molecular ions must be used. 
These methods generate either positive or negative ions related to the original 
molecule by adding or subtracting an electron, or by adding or subtracting an anion or 
cation. Although nominally a spectroscopic method, mass spectrometry is unlike other 
forms of spectroscopy because it does not involve electromagnetic radiation. Instead it 
involves chemical manipulations (such as ionization and fragmentation) and the 





In mass spectrometry, a substance is bombarded with an electron beam having 
sufficient energy to fragment the molecule. The energy of the electron beam can be 
varied but is commonly around 70 electron volts (eV), or 6700 kJ/mol (1600 kcal/mol). 
When a high-energy electron strikes an organic molecule, it dislodges a valence 
electron from the molecule, producing a radical-cation because the molecule has lost 
an electron and now has a positive charge radical for the reason that the molecule now 
has an odd number of electrons. The positive fragments produced are accelerated in a 
vacuum through a magnetic field and are sorted on the basis of mass-to-charge ratio. 
Since the bulk of the ions produced herein carry a unit positive charge, the m/e ratio is 
equivalent to the molecular weight of that fragment. The analysis of mass spectroscopy 
information involves the reassembling of fragments, working backwards to generate 
the original molecule.  
 
A schematic representation of a mass spectrometer is shown in figure 2-3. A very low 
concentration of sample molecules is allowed to leak into the ionization chamber 
(which is under a very high vacuum) where they are bombarded by a high-energy 
electron beam. The molecules fragment and the positive ions produced are accelerated 
through a charged array into an analyzing tube. The path of the charged molecules is 
bent by an applied magnetic field. Ions having low mass (low momentum) will be 
deflected most by this field and will collide with the walls of the analyzer. Likewise, 
high momentum ions will not be deflected enough and will also collide with the 
analyzer wall. Ions having the proper mass-to-charge ratio, however, will follow the 
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path of the analyzer, exit through the slit and collide with the Collector. This generates 
an electric current, which is then amplified and detected. By varying the strength of the 
magnetic field, the mass-to-charge ratio which is analyzed can be continuously varied. 
The mass spectrum of a compound is typically presented as a bar graph with masses 
(m/z values) on the x axis and intensity (number of ions of a given m/z striking the 
detector) on the y axis. 
 
 
Figure 2-3. Schematic represtation of Mass spectrometry. 
 
The process of fragmentation follows simple and predictable chemical pathways and 
the ions which are formed will reflect the most stable radical cations that molecule can 
form. The highest observed molecular weight peak, arbitrarily assigned an intensity of 
100%, is called the base peak. It will typically represent the parent molecule, minus an 
electron, and is termed the molecular ion (M+). Unfortunately, many molecules 
especially with labile protons do not display molecular ions (such as alcohols whose 
highest molecular weight peak occurs at m/e ratio less than that of the molecular ion). 
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Fragments can be identified by their mass-to-charge ratio, but it is often more 
informative to identify them by the mass which has been lost. That is, loss of a methyl 
group will generate a peak at m-15, loss of an ethyl, m-29 etc. This is particularly 
valuable in determining the molecular structure by measuring the masses of the 
fragments produced when molecules are broken apart. 
 
Differential Scanning Calorimetry and Thermogravimetric Analysis [114, 115] 
DSC is a technique which is part of a group of techniques called Thermal Analysis 
(TA). Thermal Analysis is based upon the detection of changes in the heat content 
(enthalpy) or the specific heat of a sample with temperature. As thermal energy is 
supplied to the sample its enthalpy increases and its temperature rises by an amount 
determined, for a given energy input, by the specific heat of the sample. The specific 
heat of a material changes slowly with temperature in a particular physical state, but 
alters discontinuously at a change of state. As well as increasing the sample 
temperature, the supply of thermal energy may induce physical or chemical processes 
in the sample, e.g. melting or decomposition, accompanied by a change in enthalpy, 
the latent heat of fusion, heat of reaction etc. Such enthalpy changes may be detected 
by thermal analysis and related to the processes occurring in the sample. 
 
For qualitative DSC analysis, the sample and reference are placed in identical 
environments, metal pans on individual bases each of which contain a platinum 
resistance thermometer (or thermocouple) and a heater (figure 2-4). The temperatures 
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of the two thermometers are compared, and the electrical power supplied to each 
heater adjusted so that the temperatures of both the sample and the reference remain 
equal to the programmed temperature, i.e. any temperature difference which would 
result from a thermal event in the sample is 'nulled'. The ordinate signal, the rate of 
energy absorption by the sample (e.g. millicalories/sec.), is proportional to the specific 
heat of the sample since the specific heat at any temperature determines the amount of 
thermal energy necessary to change the sample temperature by a given amount. Any 
transition accompanied by a change in specific heat produces a discontinuity in the 
power signal, and exothermic or endothermic enthalpy changes give peaks whose areas 
are proportional to the total enthalpy change. 
 
 
Figure 2-4. Schematic diagram of DSC instruments. 
 
To analyze the DSC experiments one must firstly consider the heat flow between the 
sample and cell. Assume the sample temperature is Ts, so that when heat flows into the 







= −                Equation 2-3 
where Hs is the enthalpy of the sample, Qs is the heat flow and Cs is the heat capacity 
of the sample plus the cell. Same equation can be applied to the reference cell and the 
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the rate of heat flow can be given as: 
p rrdQ T T
dt R
−=  and psdQ T Ts
dt R
−=       Equation 2-6 
so that: 
)( r srQsd Q d Q T T
dt dt R
− −= =+         Equation 2-7 





dH d Q dT d QC C RC
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= − + − −+ +     Equation 2-8 
If R is made sufficiently small then the final term in equation 2-8 can be made 
negligible. This can be achieved without affecting the sensitivity of the method. By 
using DSC, if ∆C is the difference in heat capacity between the sample and reference 
cell then the measured heat flow (Q1) when both pans are empty will be: 
1 K CQ = +                    Equation 2-9 
where K is a constant for the apparatus. If the same measurement procedure is now 
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used with the sample in position the difference in heat capacity between the two cells 
becomes (∆C+msCp,s), where ms is the mass of the sample and Cp,s is the specific heat 
capacity of the sample and the corresponding measurement is: 
,2 ( )s p sQ K C m C= ++             Equation 2-10 
If now the sample is replaced by a calibrant (c) (such as alumina) and the procedure is 
repeated the measurement becomes: 
,3 ( )cc pQ K C m C= ++             Equation 2-11 









Q Q m CC
Q Q m
−= −           Equation 2-12 
Thus Cp,s versus temperature curves can be obtained and these can be integrated to 
give enthalpy changes.  
 
Thermogravimetric Analysis (TGA) is a thermal analysis technique used to measure 
changes in the weight (mass) of a sample as a function of temperature. The technique 
is useful strictly for transformations involving the absorption or evolution of gases 
from a specimen consisting of a condensed phase. Most TG devices are configured for 
vacuum and/or variable atmospheres. The balances associated with TG’s are highly 
sensitive, with resolutions down to 1 g. These instruments may be used for a wide 
variety of investigations, from the decomposition of clays to high oxygen uptake in the 





In a real experiment, specimen powder is placed on a refractory pan (often porcelain or 
platinum). The pan, in the hot zone of the furnace, is suspended from a high precision 
balance. A thermocouple is in close proximity to the specimen but not in contact, so as 
not to interfere with the free float of the balance. The balances are electronically 
compensated so that the specimen pan does not move when the specimen gains or 
loses weight. If reactive (potential corrosive) gases are passed through the specimen 
chamber or gases are released by the specimen, the chamber containing the balance is 
often maintained at a slightly more positive pressure via compressed air or inert gas; 
this is in order to protect the balance chamber and its associated electronic components 
from exposure to corrosive gases. The balance chamber is not completely protected 
since gases released from the specimen can still diffuse into the balance chamber. 
Further, maintaining the specimen in a pure inert gas or other special gases is limited 
by back-diffusion of air through the exit port. To protect against this, the exit gas 
should be bubbled through a fluid. The fluid will permit exiting gas to bubble out, but 
will not permit back diffusion of gases (with exception of the equilibrium vapor of the 
fluid). 
 
Ultraviolet-Visible and Photoluminescence spectroscopy (UV-Vis, PL)[116,117] 
Ultraviolet-visible spectroscopy (uv= 200-400nm, visible= 400-800nm) corresponds to 
electronic excitations between the energy levels that correspond to the molecular 
orbitals of the systems.  In particular, transitions involving  orbitals and lone pairs 
are important and so uv-vis spectroscopy is of most use for identifying conjugated 
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systems which tend to have stronger absorptions. The lowest energy transition is that 
between the highest occupied molecular orbital (HOMO) and the lowest unoccupied 
molecular orbital (LUMO) in the ground state.  The absorption of the electromagnetic 
radiation excites an electron to the LUMO and creates an excited state. The more 
highly conjugated the system, the smaller the HOMO-LUMO gap and therefore the 
lower the frequency and longer the wavelength. The unit of the molecule that is 
responsible for the absorption is called the chromophore, of which the most common 
are C=C ( to *) and C=O (n to *) systems. 
 
 
Figure 2-5. Schematic drawing of UV-Vis spectroscopy instruments. 
 
During the uv-vis measurement, it is usually taken on a very dilute solution (1 mg in 
100 ml of solvent). A portion of this solution is transferred to a silica cell (figure 2-5). 
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A matched cell containing pure solvent is prepared, and each cell is placed in the 
appropriate place in the spectrometer. This is so arranged that two equal beams of light 
can passed, one through the solution of the sample, one through the pure solvent. The 
intensities of the transmitted light are then compared over the whole wavelength range 
of the instrument. The spectrum is plotted automatically as a relative intensity ordinate 
and  abscissa.  
 
Luminescence corresponds to the emission of electromagnetic radiation, from a body, 
which occurs subsequent to some excitation process. Photoluminescence is a general 
term used to describe the effect observed following excitation with light (photons). The 
time interval between excitation and emission, in turn, determines whether the process 
is fluorescence (almost instantaneous) or phosphorescence (delayed after glow). 
Because photoluminescence corresponds to the emission of electromagnetic radiation 
following photoexcitation of a body, the threshold energy required for photoexcitation 
is the energy needed to transfer an electron from a bonding (valence) state to a 
non-bonding (conduction) state, and is thus equivalent to the energy required to break 
a bond.  
 
The electronic spectra of luminescent substances are characterized by energy transfers 
between ground state and excited states of the molecule. The transition from the 
ground into the excited state corresponds to the absorption process and the transition in 
the opposite direction corresponds to the emission process. Hence the absorption 
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spectrum represents the energies of transition s form the ground state to the excited 
state while the emission spectrum characterizes the energies of transition from the 
lowest excited state level to different ground state sublevels and yields data about the 
vibrational levels of the ground state. By Stokes’ Law, the wavelength of light 
emission emitted by radiation is always greater than that of the excitation radiation, 
which is why the emission spectrum always occupies the region with the longer 
wavelengths as compared to the absorption spectrum. 
 
X-Ray Diffraction (XRD)[118] 
The diffraction techniques are quite different from the spectroscopic methods. Whereas 
the latter are based on the absorption of certain wavelengths (and energies) from 
radiation within a range of wavelengths, diffraction techniques employ radiation with a 
single wavelength, i.e. monochromatic radiation. X-ray diffraction occurs when a 
monochromatic beam of X-radiation (with wavelength about 1Å) interacts with matter 
and is scattered in different directions. Similarly, a beam of neutrons or electrons with 
well-defined wavelength can be scattered to give typical diffraction patterns. The basis 
of the application of diffraction techniques in chemical problems is to use ions or 
molecules as diffraction gratings and then to determine from the observed diffraction 
phenomena, the spacings between ions in a crystal or between the atoms which 
constitute molecules (figure 2-6). Because each crystalline solid has its own 
characteristic X-ray powder pattern which maybe used as a “fingerprint” for its 
identification. And once the material has been identified, X-ray crystallography maybe 
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used to determine its structure such as how the atoms pack together in the crystalline 
state and what the interatomic distance and angle are. X-ray diffraction is one of the 
most important characterization tools used in solid state chemistry and material science 
for the reason that the size and the shape of the unit cell for any compound can be 
easily determined by this technique.  
 
 
Figure 2-6. Reflection of X-rays from two planes of atoms in a solid. 
 
During the experiment (figure 2-7), X-rays are produced when a beam of accelerated 
electrons strikes a metal target. An inner electron from an atom in the metal is ejected, 
an outer electron drops down to fill the vacancy created, and the emitted radiation, of 
precise energy, frequency, and hence wavelength, is in the X-ray region. The 
monochromatic beam of X-ray is incident on a solid sample (single crystal or powder) 
of the material under investigation. A powder contains many very small crystals, in a 
variety of different orientations, whereas for a single crystal only one orientation of the 
solid can be considered at a time. Detection of the resultant X-ray beam is usually 
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achieved by surrounding the sample with a photographic film: where X-ray strike the 
film it becomes darkened, and the film is subsequently developed to yield the 
diffraction pattern.  
 
 
Figure 2-7. Schematic representation of an X-ray powder diffractometer. 
 
A more detailed understanding of X-ray diffraction and of the exact requirement for 
the appearance of intensity maxima were presented by W. L. Bragg in 1912. He 
realized that when X-rays impinge on a crystal, some are reflected from the atoms in 
the top layer whereas others penetrate this layer and are reflected off the next layer, 
and so on. Analysis shows that the resultant reflected rays are only in phase for certain 
angles of incidence of the X-ray upon the crystal. The path difference between two 
waves is: 
2 2 sindλ θ× = × ×                 Equation 2-13 
For the constructive interference between these waves, the path difference must be an 
integral number of wavelengths and based on this discovery, Bragg Equation was 
raised (equation 2-14) in which d is the separation between the planes,  is the angle 
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of incidence and  is the wavelength of the X-rays: 




Chapter 3. Synthesis and Characterization of Organic-Inorganic 
Hybrid Nanocomposites With Different Ending Alkyl Chains 
 
Recently, the research on nanomaterials become one of the most extensively studied 
areas. The reason is that when the size of the material is reduced to nanometer range 
(at least in one dimension), there will be a dramatic change of the material properties. 
Many materials are synthesized intentionally to be nanomaterials such as carbon 
nanotubes and inorganic semiconductor nanocrystal. Their electrical, optical and 
magnetic properties make them quite unique in terms of material research.  
 
Among different nanomaterials, our interest lies in the structures based on POSS. Its 
chemically controllable synthesis and greatly improved performance make it a good 
candidate for research. Our goal is to attach a variety of branches to the POSS core and 
study the resultant organic-inorganic nanocomposite.  
 
3.1 Synthesis and Analysis of Compounds 
In order to achieve organic-inorganic hybrid nanocomposites with different particle 
sizes, a series of alkyl-chain substituted biphenyl derivatives with different ending 
lengths have been attached to the POSS core by Grignard reaction. The experimental 














































































































Figure 3-1. Synthesis routine of organic-inorganic hybrid nanocomposites. 
 
3.1.1 General procedure for synthesis of compound 1a-1d[119] 
2,5-dimethylphenol (50g, 0.41mol) was dissolved in a two-necked round-bottom flask 
by ethanol (200ml). Sodium hydroxide (19.7g, 0.49mol) and RBr (0.49mol; R=butyl, 
hexyl, octyl and decyl) were added together with ethanol (400ml). The reaction 
mixture was refluxed for 48 hours under vigorous stirring and cooled to room 
temperature. After been rotor evaporation, hexane was added and the mixture was 
washed by sodium hydroxide and water. The mixture was dried by magnesium sulfate 
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anhydrous and filtered. Pure1a-1d was achieved by vacuum distillation and the 
chemical analysis results are given below. 
 
2-butyloxy-p-xylene (1a): colorless oil, yield: 64%. 1H NMR (CDCl3, 400MHz, , 
ppm): 7.10 (1H, d, Ph-H), 6.75 (1H, d, Ph-H), 6.73 (1H, s, Ph-H), 4.04 (2H, t, OCH2), 
2.41 (3H, s, Ph-CH3), 2.29 (3H, s, Ph-CH3), 1.84-1.91 (2H, m, CH2), 1.59-1.66 (2H, m, 
CH2), 1.09 (3H, t, CH3). 13C NMR (CDCl3, 100MHz, , ppm): 157.44, 136.44, 130.50, 
123.73, 120.82, 112.00, 67.58, 31.85, 21.53, 19.69, 15.97, 14.08.  
 
2-hexyloxy-p-xylene (1b): colorless oil, yield: 66%. 1H NMR (CDCl3, 400MHz, , 
ppm): 7.20 (1H, d, Ph-H), 6.86 (1H, d, Ph-H), 6.83 (1H, s, Ph-H), 4.13 (2H, t, OCH2), 
2.52 (3H, s, Ph-CH3), 2.41 (3H, s, Ph-CH3), 1.96-2.03 (2H, m, CH2), 1.69-1.71 (2H, m, 
CH2), 1.57-1.58 (4H, m, CH2), 1.14 (3H, t, CH3). 13C NMR (CDCl3, 100MHz, , ppm): 
157.80, 136.89, 130.86, 124.19, 121.18, 112.54, 68.40, 32.24, 30.04, 26.50, 23.26, 
21.92, 16.32, 14.58.  
 
2-octyloxy-p-xylene (1c): colorless oil, yield: 70%. 1H NMR (CDCl3, 400MHz, , 
ppm): 7.10 (1H, d, Ph-H), 6.75 (1H, d, Ph-H), 6.73 (1H, s, Ph-H), 4.03 (2H, t, OCH2), 
2.41 (3H, s, Ph-CH3), 2.29 (3H, s, Ph-CH3), 1.86-1.93 (2H, m, CH2), 1.55-1.63 (2H, m, 
CH2), 1.40-1.45 (8H, m, CH2), 1.01 (3H, t, CH3). 13C NMR (CDCl3, 100MHz, , ppm): 
157.76, 136.85, 130.82, 124.17, 121.14, 112.51, 68.38, 32.45, 30.05, 29.99, 29.89, 
26.79, 23.27, 21.90, 16.30, 14.63. 
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2-Decyloxy-p-xylene (1d): White solid, yield: 65%. 1H NMR (CDCl3, 400MHz, , 
ppm): 7.06 (1H, d, Ph-H), 6.70 (1H, d, Ph-H), 6.69 (1H, s, Ph-H), 3.99 (2H, t, OCH2), 
2.37 (3H, s, Ph-CH3), 2.24 (3H, s, Ph-CH3), 1.83-1.85 (2H, m, CH2), 1.52-1.54 (2H, m, 
CH2), 1.32-1.38 (16H, m, CH2), 0.95 (3H, t, CH3). 13C NMR (CDCl3, 100MHz, , 
ppm): 157.76, 136.82, 130.82, 124.15, 121.14, 112.48, 68.36, 32.56, 30.26, 30.05, 
26.80, 23.30, 21.90, 16.30, 14.65. 
 
3.1.2 General procedure for synthesis of compound 2a-2d[119] 
In an ice bath, 1a-1d (0.13mol) was dissolved in methanol (650ml) in a two-necked 
round-bottom flask equipped with dropping funnel and condenser. Bromine (24g, 
0.15mol) and acetic acid glacial (280ml) was placed in the dropping funnel and added 
slowly under vigorous stirring for 4 hours. The reaction mixture was washed by 
sodium carbonate and extracted by dichloromethane. The organic layer was washed by 
water and dried over anhydrous magnesium sulfate. 2a-2d was obtained by column 
chromatography (silica gel with n-hexane as an eluent) and their chemical analysis 
results are given below. 
 
2-Bromo-5-butyloxy-p-xylene (2a): colorless oil, yield: 90.1%. 1H NMR (CDCl3, 
400MHz, , ppm): 7.30 (1H, s, Ph-H), 6.72 (1H, s, Ph-H), 3.96 (2H, t, OCH2), 2.39 
(3H, s, Ph-CH3), 2.20 (3H, s, Ph-CH3), 1.78-1.85 (2H, m, CH2), 1.53-1.61 (2H, m, 
CH2), 1.03 (3H, t, CH3). 13C NMR (CDCl3, 100MHz, , ppm): 156.91, 135.96, 134.05, 





2-Bromo-5-hexyloxy-p-xylene (2b): white solid, yield: 91.3%. 1H NMR (CDCl3, 
400MHz, , ppm): 7.28 (1H, s, Ph-H), 6.69 (1H, s, Ph-H), 3.94 (2H, t, OCH2), 2.37 
(3H, s, Ph-CH3), 2.18 (3H, s, Ph-CH3), 1.77-1.84 (2H, m, CH2), 1.48-1.51 (2H, m, 
CH2), 1.36-1.38 (4H, m, CH2), 0.94 (3H, t, CH3). 13C NMR (CDCl3, 100MHz, , ppm): 
156.85, 135.95, 134.00, 126.73, 114.81, 113.89, 68.62, 32.01, 29.71, 26.24, 23.30, 
23.07, 15.93, 14.47. ESI-MS m/z: 286 for [M+]. 
 
2-Bromo-5-octyloxy-p-xylene (2c): white solid, yield: 90.4%. 1H NMR (CDCl3, 
400MHz, , ppm): 7.28 (1H, s, Ph-H), 6.69 (1H, s, Ph-H), 3.94 (2H, t, OCH2), 2.37 
(3H, s, Ph-CH3), 2.18 (3H, s, Ph-CH3), 1.77-1.84 (2H, m, CH2), 1.45-1.51 (2H, m, 
CH2), 1.32-1.37 (8H, m, CH2), 0.92 (3H, t, CH3). 13C NMR (CDCl3, 100MHz, , ppm): 
156.87, 135.94, 134.02, 126.72, 114.83, 113.87, 68.62, 32.32, 29.83, 29.79, 29.76, 
26.60, 23.31, 23.16, 15.94, 14.58. ESI-MS m/z: 314 for [M+]. 
 
2-Bromo-5-decyloxy-p-xylene (2d): white solid, yield: 88.6%. 1H NMR (CDCl3, 
400MHz, , ppm): 7.28 (1H, s, Ph-H), 6.69 (1H, s, Ph-H), 3.94 (2H, t, OCH2), 2.37 
(3H, s, Ph-CH3), 2.18 (3H, s, Ph-CH3), 1.79-1.84 (2H, m, CH2), 1.45-1.51 (2H, m, 
CH2), 1.29-1.35 (16H, m, CH2), 0.92 (3H, t, CH3). 13C NMR (CDCl3, 100MHz, , 
ppm): 156.85, 135.93, 134.01, 126.71, 114.82, 113.87, 68.61, 32.40, 30.16, 30.13, 
30.08, 29.85, 29.76, 26.58, 23.30, 23.17, 15.93, 14.58. ESI-MS m/z: 370 for [M+]. 
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3.1.3 Synthesis and analysis of octaphenylsilsesquioxane (Phenyl-T8, 3)[87] 
Phenyltrichlorosilane (10.58g, 50mmol) was dissolved in 50ml of benzene and shaken 
with water until hydrolysis was complete. After removing the acid layer and washing 
with water, 1.66ml (3mmol) of methanolic 30% benzyltrimethylammonium hydroxide 
solution was added. The mixture was refluxed for 4 hours and then allowed to stand 
for 4 days. Been refluxed for another 24 hours, the mixture was cooled and filtered to 
give 5.7g (88%) of Phynyl-T8. FTIR (cm-1): 3073, 1595, 1106. 29Si NMR (CDCl3, 
100MHz, , ppm): -65.2. 
 
3.1.4 Synthesis and analysis of octabromophenylsilsesquioxane (Bromophenyl-T8, 
4)[109] 
Bromine (7.2g, 45mmol) was added dropwise to a suspension containing 
octaphenylsilsesquioxane (5.16g, 5mmol) and ferric chloride (0.4g, 2.4mmol) in 300ml 
chloroform at room temperature under vigorous stirring. After continue stirring for 96 
hours at room temperature, the solution was poured into a saturated sodium carbonate 
water solution 2000ml. The water phase was washed with 400ml chloroform twice and 
the organic phases were combined altogether and washed by 400ml water. The organic 
phase was filtered through a 0.45um syringe filter and the solvent was removed from 
the filtrate. A white crystal of compound (4.9g, 60%) was obtained by adding 
methanol and remove out the methanol. 1H NMR (CDCl3, 400MHz, , ppm): 7.29-8.0 
(m). 29Si NMR (CDCl3, 100MHz, , ppm): -72.86 (s). Anal. Calcd for 





3.1.5 General procedure for synthesis of compound 5a-5d[105] 
Into a three-neck round-bottom flask was added 2a-2d (10mmol) and Mg (0.28g, 
12mmol). Then the flask was connected with a condenser and sealed properly. The 
system was evacuated and refilled with argon for three times. Anhydrous THF (20ml) 
was added by syringe and the mixture was refluxed for 8 hours under argon 
environment. It was cooled to room temperature and transferred to another two-neck 
round-bottom flask (under vacuum) which contained Octabromophenylsilsesquioxane 
(1.0g, 0.6mmol), Tetrakis(triphenyl-phosphine) palladium(0) and anhydrous THF 
(5ml). The solution was refluxed for 48 hours and cooled to room temperature. 
Saturated NH4Cl solution was added into the mixture and the organic phase was 
extracted. 5a-5d was obtained by silica gel column chromatography purification and 
their chemical analysis results are given below. 
 
Octa-(6,9-dimethyl-8-butyloxy-biphenyl)silsesquioxane (5a): Light yellow glassy 
solid, yield: 44%. 1H NMR (CDCl3, 400MHz, , ppm): 6.62-7.34 (6H, m, aromatic 
Ph-H), 4.00 (2H, broad s, OCH2), 0.91-2.25 (16H, m, Ph-CH3 and CH2CH3). 13C NMR 
(CDCl3, 100MHz, , ppm): 156.91, 156.60, 139.24, 133.92, 132.49, 131.33, 130.22, 
127.73, 124.42, 113.27, 68.11, 32.02, 27.35, 23.09, 19.83, 14.55, 14.35. 29Si NMR 




Octa-(6,9-dimethyl-8-hexyloxy-biphenyl)silsesquioxane (5b): Light yellow glassy 
solid, yield: 46%. 1H NMR (CDCl3, 400MHz, , ppm): 6.64-7.70 (6H, m, aromatic 
CH), 3.97 (2H, broad s, OCH2), 0.90-2.25 (21H, m, Ph-CH3 and CH2CH3). 13C NMR 
(CDCl3, 100MHz, , ppm): 156.94, 156.76, 134.41, 133.92, 132.45, 130.51, 129.22, 
127.91, 124.39, 113.27, 68.46, 32.02, 29.85, 27.34, 26.28, 23.08, 14.53, 14.46. 29Si 
NMR (CDCl3, 100MHz, , ppm): -71.01. 
 
Octa-(6,9-dimethyl-8-octyloxy-biphenyl)silsesquioxane (5c): Light yellow glassy 
solid, yield: 40%. 1H NMR (CDCl3, 400MHz, , ppm): 6.63-7.68 (6H, m, aromatic 
CH), 3.96 (2H, broad s, OCH2), 0.92-2.17 (25H, m, Ph-CH3 and CH2CH3). 13C NMR 
(CDCl3, 100MHz, , ppm): 157.11, 156.94, 134.83, 134.58, 134.06, 132.59, 132.17, 
129.46, 124.60, 113.38, 68.57, 32.43, 29.99, 29.88, 27.47, 26.79, 23.26, 21.06, 16.26, 
14.68. 29Si NMR (CDCl3, 100MHz, , ppm): -70.64. 
 
Octa-(6,9-dimethyl-8-decyloxy-biphenyl)silsesquioxane (5d): Light yellow glassy 
solid, yield: 45%. 1H NMR (CDCl3, 400MHz, , ppm): 6.72-7.76 (6H, m, aromatic 
CH), 4.05 (2H, broad s, OCH2), 0.98-2.26 (34H, m, Ph-CH3 and CH2CH3). 13C NMR 
(CDCl3, 100MHz, , ppm): 156.89, 156.66, 134.71, 133.95, 132.52, 131.21, 130.51, 
127.61, 124.39, 113.27, 68.42, 32.73, 30.37, 30.11, 26.91, 23.30, 21.99, 16.44, 14.68. 




3.2 Results and discussion 
3.2.1 Structural determination 
The structures of compound 1a-1d and 2a-2d were clearly confirmed by 1H and 13C 
NMR. The structures of compound 3 and 4 were determined by FTIR and 29Si NMR 
and showed great agreement with the established literature reports[87,109]. The 29Si 
NMR spectrum of compound 3 and FTIR spectrum of compound 4 are showed in 
Figure 3-2 and 3-3 respectively. In Figure 3-2, the single peak at –65.21ppm indicates 
that there exists only one form of silicon atom within the structure, which clearly 
confirm the successful construction of POSS core. The strong absorbance at 1100.38 
cm-1 in the FTIR spectrum in Figure 3-3 (a) reveals that the POSS core was intact 
during the bromination of compound 3. To demonstrate this more clearly, the FTIR 
spectrum of T8H8 (H8Si8O12) is showed in figure 3-3(b)[67] and the absorbance at near 
1100cm-1 is obvious. Fully substitution of POSS was confirmed by elemental analysis 
and the data well demonstrated the target structures.  
 




Figure 3-3 (a). FTIR spectrum of compound 4. 
 
 
Figure 3-3 (b). FTIR spectrum of T8H8 (T8 in figure)[67]. 
 
The final products, compound 5a-5d, were confirmed by 1H, 13C, 29Si NMR and FTIR. 
For instance, the NMR and FTIR of compound 5c are showed in Figure 3-4 to Figure 
3-7. From the 1H NMR spectrum, the average number of arms which were successfully 
connected to the POSS core can be calculated by comparing the ratio of the hydrogen 
on phenyl rings (peak higher than 6.62) to the hydrogen in —OCH2— (peak 3.96)[109]. 
From Figure 3-4, this ratio is 2.64 and the theoretical calculation value for full 
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substitution of POSS is 3. So the POSS core is almost fully substituted. A detailed 
peak assignment and calculated area ratio for compound 5a-5d is listed in table 3-1. 
 
Compound δ Area δ Area Area 
ratio 
Substituted POSS 
core in average. 
5a 6.633-7.749 4.691 3.961 1.648 2.84 7.57/8 
5b 6.548-7.632 4.911 3.958 1.852 2.65 7.06/8 
5c 6.627-7.678 4.733 3.959 1.790 2.64 7.04/8 
5d 6.681-7.562 4.368 3.964 1.733 2.52 6.72/8 
Table 3-1. 1H NMR peak assignment and area ratio for compound 5a-5d 
 
The successful substitution of POSS is further confirmed by 13C NMR (Figure 3-5), 
29Si NMR (Figure 3-6) and FTIR (Figure 3-7). In Figure 3-5, the diphenyl conjugated 
arms are clearly observed by the ten peaks from 113.38ppm to 157.11ppm. While the 
peaks between 68.565 and 14.675 confirm the introduction of short carbon chain 
molecules. The 29Si NMR also indicate the successful attachment by exhibiting only 
one peak at –70.64ppm which means there is only one kind of silicon element in 
system, in other words, the POSS core is substituted symmetrically. Together with the 
1H and 13C NMR, we can safely get the conclusion that the desired arms are connected 
to the POSS core successfully. FTIR result shows an agreement with this conclusion 
by showing the typical POSS core absorbance at 1120.6cm-1 which means the POSS 




Figure 3-4. 1H NMR spectrum of compound 5c. 
 
 




Figure 3-6. 29Si NMR spectrum of compound 5c. 
 




3.2.2 Properties of synthesized compounds 
Thermal properties of the compound 5a-5d were studied by DSC and TGA. Their DSC 
and TGA diagrams are shown in Figure 3-8 (a) to Figure 3-8 (d) and figure 3-9 
respectively. In term of DSC analysis, the Tg of compounds 5a, 5b, 5c and 5d are 73.50
, 76.48 , 77.55  and 79.21  respectively. A trend is observed that the longer 
the alkyl chain, the higher the Tg (Figure 3-9). This is due to the end-group effect that 
based on some similar structures, longer alkyl chains need more thermal energy to be 
activated compared to shorter alkyl chains[82]. 
 
 






Figure 3-8 (b) DSC diagram of compound 5b. 
 
 

























The TGA diagrams of compound 5a-5d are showed in Figure 3-10. The Td of 5a, 5b, 
5c and 5d are 303.5 , 319.8 , 323.9  and 325.8  respectively (Figure 3-11). It is 
revealed that with increasing alkyl chain length, the Td shift to higher temperatures. 
The reason for this phenomenon is that the longer side chains, the stronger 
intermolecular interaction which make it more difficult for longer side chains to 
separate one from another. This result is also in good agreement with reported data[82]. 
 










































































































Compound 5a-5d  
Figure 3-11. Td of compound 5a-5d. 
 
The particle sizes of the synthesized nanocomposits were determined by XRD. The 
XRD spectra of compound 5a-5d are shown in Figure 3-12. A typical nanometer range 
diffraction pattern was observed by showing the peak at about 5º . The corresponding 
radiuses of compound 5a-5d are calculated to be 1.6nm, 1.8nm, 1.9nm and 2.0nm 
respectively (Figure 3-13). Similar XRD results can be found and showed in Figure 
3-14[124] in which the middle and bottom curve represent 
(c-C6H11)7Si8O12(CH2)3–SiMe2OSiMe2OSiMe2–(CH2)3Si8O12(c-C6H11)7 and 
(c-C6H11)7Si8O12CH2CH=CH2. It shows a very sharp peak at about 5ºand the reason its 
sharper than our experimental results is that our structures need more steps to 
synthesize and hence more chances to introduce impurity. Another reason is the 
content of water and other organic solvents in the resultant composites which may 
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Figure 3-12. XRD spectra of compound 5a-5d. 
 
The optical properties of the compound 5a-5d were studied by UV-PL spectra. The UV 
spectra are shown in Figure 3-15. It is obvious that the four compounds share similar 
UV spectrum due to their similar structures. The absorption at about 270nm is 
attributed to the conjugated segment of the compound 5a-5d and it shows a relative 
narrow absorption compared with inorganic nanocrystalline. The corresponding PL 
spectra are showed in Figure 3-16. Although the emission peak lies in the ultraviolet 
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region, the PL efficiency is relatively high (26%-28%) compared with pure arm 
molecules which are not attached to the POSS core (less than 7%)[109].  
 




















Compound 5a-5d  




Figure 3-14. XRD data from other research group[124]. 
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Figure 3-15. UV spectra of compound 5a-5d. 

























In this chapter, organic-inorganic hybrid nanocomposites (namely, 
octa(7,10-dimethyl-8-R)silsesquioxane R=butoxy, hexyloxy, octyloxy and dodecyloxy) 
with different particle sizes were synthesized successfully by Grignard coupling 
reaction. 1H, 13C, 29Si and FTIR methods were used to confirm the chemical structure 
of the proposed nanocomposits. Four different alkyl ending group were employed to 
manipulate the particle sizes. Thermal analysis indicated that, the longer the ending 
alkyl chain, the lower the glass transition temperature and the higher the 
decomposition temperature. XRD results showed that these nanocomposites have 
typical sizes less than 2nm and the longer the alkyl chain, the bigger the particle size. 
UV and PL spectra of the synthesized nanocomposites revealed the luminescence 






Chapter 4. Synthesis And Characterization Of Light-emitting 
Organic-inorganic Hybrid Nanocomposite 
 
Light-emitting materials are a group of materials that upon excitation, they can emit 
visible light. They are extensively studied for their structure-property relationship due 
to a wide variety of potential applications such as cell labeling. The most important 
part for organic light-emitting materials is the conjugated section which determines the 

































































































































Based on our experience in POSS structures, we find it interesting to incorporate 
light-emitting section into POSS cage and construct organic-inorganic light-emitting 
nanocomposites. Bithiophene derivatives are chosen to be the conjugated part in our 
light-emitting composite and the designed structure is showed in Figure 4-1. Compared 
with the nanocomposites we made before, the aim of this work is to have a visible 
light-emitting organic-inorganic nanocomposite.  
 
4.1 Synthesis and Analysis of Compounds 
4.1.1 2,2’-Bithiophene[105] 
Into a three-necked round bottle flask, Mg turning (2g, 82mmol) and a magnetic stirrer 
was added. The system was evaporated and refilled with argon three times to keep the 
flask free of oxygen and moisture. 2-bromothiophene (11g, 67mmol) in dry THF 
(200ml) was added in the iodine-activated system and reflux for 2 hours. After cooling 
down to room temperature, the resultant Grignard reagent was transferred to another 
flask containing 2-bromothiophene (10g, 62mmol,) in 30ml dry THF. The catalyst, 
1,3-Bis(diphenylphosphino)propane nickel (II) chloride, was added and the mixture 
was fluxed overnight. Cooled to room temperature, the mixture was washed with 
saturated NH4Cl solution. The THF layer was collected, dried over MgSO4 and 
rotation evaporated. A white crystal (9.8g, 96%) was collected after running a column. 
1H NMR (CDCl3, 400MHz, , ppm): 7.24 (2H, d, thiophene-H), 7.22 (2H, d, 
thiophene-H), 7.05 (2H, t, thiophene-H). 13C NMR (CDCl3, 100MHz, , ppm): 137.95, 
128.33, 124.90, 124.32.  
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4.1.2 3,3’, 5,5’-Tetrabromo-2, 2’-bithiophene[120] 
In a ice-bath, Bromine (36.3g, 0.227mol) in 100ml chloroform and 50ml acetic acid 
glacial was added dropwise for 1.5h to the flask containing 2,2’-bithiophene(9g, 
54mmol) which was dissolved in 150ml chloroform and 50ml glacial acetic acid. 
Subsequently, the mixture was stirred in room temperature for 5h and then under reflux 
for 24h. After cooling to room temperature, 500ml 10% KOH aqueous solution was 
added. CHCl3 was used to extract the mixture and the combined extracts were washed 
with water, dried over anhydrous MgSO4 and filtered. The solvent was removed by 
evaporation. Recrystallization from ethanol afforded a yellow greenish crystal (24.4g, 
94%). 1H NMR (CDCl3, 400MHz, , ppm): 7.07 (2H, s, thiophene-H). 13C NMR 
(CDCl3, 100MHz, , ppm): 133.40, 129.97, 115.23, 112.53. 
 
4.1.3 3,3’-Dibromo-2,2’-bithiophene[120] 
3,3’, 5,5’-Tetrabromo-2, 2’-bithiophene (24g, 0.05mol) was added in portions within 
0.5h to a reflux zinc powder (12.6g, 0.2mol) dispersion including 50ml water, 120ml 
glacial acetic acid, 10ml 3M HCl and 350ml ethanol. After being reflux for 3h, the 
mixture was cooled to room temperature and filtered. The filtrate was evaporated and 
300ml water was added. The mixture was extracted by diethyl ether and the combined 
extracts were washed with water and dried by anhydrous MgSO4 and filtered. The 
solvent was removed by evaporation and a light-yellow crystal (12.5g, 78%) was 
gotten by running column. 1H NMR (CDCl3, 400MHz, , ppm): 7.43 (2H, d, 
thiophene-H), 7.11 (2H, d, thiophene-H). 13C NMR (CDCl3, 100MHz, , ppm): 
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131.23, 129.31, 127.93, 113.06. 
 
4.1.4 3,3’-Di(2-ethylhexyl)-2,2’-bithiophene[120] 
1-bromo-2-ethylhexane (13.5g, 0.07mol) in dry diethyl ether (100ml) was reacted with 
Mg (2g, 0.084mol) activated with iodine in a dry atmosphere at room temperature for 3 
hours. The resultant Grignard reagent was then transferred to another flask containing 
3,3’-Dibromo-2,2’-bithiophene (10g, 0.03mol) in dry diethyl ether (30ml) and 
1,3-Bis(diphenylphosphino)propane nickel (II) chloride. The reaction was stopped by 
water (200ml) after the mixture was stirred overnight at room temperature. The organic 
layer was extracted by diethyl ether and washed with water (400ml) and saturated 
NH4Cl solution (400ml). After dried with MgSO4, the solvent was removed to give the 
crude product. Purification by flash chromatography by using hexane as eluent gave 
the 3,3’-di(2-ethylhexyl)-2,2’-bithiophene as colorless oil (5g, 43%). 1H NMR (CDCl3, 
400MHz, , ppm): 7.29 (2H, d, thiophene-H), 6.94 (2H, d, thiophene-H), 2.44 (4H, d, 
thiophene-CH2), 1.53-1.57 (2H, m, CH), 1.18-1.23 (18H, m, CH2CH3). 0.76-0.88 (10H, 
m, CH2CH3). 13C NMR (CDCl3, 100MHz, , ppm): 141.86, 129.85, 129.33, 125.43, 
40.74, 33.43, 33.10, 29.22, 26.20, 23.39, 14.51, 11.18. 
 
4.1.5 Synthesis of light-emitting POSS nanocomposite (POSSLED)[121] 
In an argon filled one-neck round bottom flask was added dry THF (15ml) and 
compound 4 (0.5g, 0.3mmol) at -78 . Under stir, n-BuLi (2.9mmol) was injected into 
the reaction flask and stirred for 1hour. 3,3’-di(2-ethylhexyl)-2,2’-bithiophene (2.3g, 
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6mmol) was then added and the reaction mixture was stirred for 3 hours before 
warming to room temperature. The final product, POSSLED (Figure 4-1), (0.39g, 31%) 
was given as light green solid by flash chromatography. 1H NMR (CDCl3, 400MHz, , 
ppm): 6.98-8.14 (m, aromatic-h), 4.14 (t, aliphatic-h), 2.44 (d, aliphatic-h), 2.07(s, 
aliphatic-h), 0.76-1.66(m, aliphatic-h). 13C NMR (CDCl3, 100MHz, , ppm): 142.70, 
142.03, 141.95, 139.69, 129.80, 129.62, 129.46, 128.82, 125.57, 114.47, 40.81, 40.70, 
34.23, 33.12, 32.33, 30.11, 30.07, 30.03, 29.92, 29.77, 29.57, 29.36, 29.24, 26.24, 
23.42, 23.40, 23.10, 14.52, 11.24, 11.17. 29Si NMR (CDCl3, 100MHz, , ppm): 
-69.36.  
 
4.2 Results and Discussion 
4.2.1 Structural determination 
The successful synthesis of 2,2’-Bithiophene, 3,3’,5,5’-Tetrabromo-2,2’-bithiophene 
and 3,3’-Dibromo-2,2’-bithiophene was confirmed by 1H and 13C NMR and the data 
showed good agreement with the literature report[120]. The 1H and 13C NMR of 
3,3’-Di(2-ethylhexyl)-2,2’-bithiophene were shown in Figure 4-2 and Figure 4-3 
respectively. From the 1H NMR, the two groups of double peaks at 7.29ppm and 
6.94ppm clearly demonstrate that there are two kinds of conjugated hydrogen in the 
molecule and they are one next to another. Each kind of hydrogen contains only one 
hydrogen atom. The double peak at 2.44ppm labels the hydrogen on the carbon atom 
which is the first carbon atom in the alkyl chain attaching on the conjugated 
bithiophene. The integral ratio of the 2.44ppm peak to the 6.94ppm peak is 2:1 which 
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means that at 2.44ppm position, the hydrogen contains two hydrogen atoms. These 
peak position and ratio of different hydrogen atoms clearly verify this molecule to be 
the target structure. It is also confirmed by 13C NMR which shows that there are 
exactly four kind of conjugated carbon (more than 100ppm) and eight alkyl carbon 
elements (less than 50ppm).  
 
Figure 4-2. 1H NMR of 3,3’-di(2-ethylhexyl)-2,2’-bithiophene. 
 
Figure 4-3. 13C NMR of 3,3’-di(2-ethylhexyl)-2,2’-bithiophene. 
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The final product, POSSLED, was constructed by direct coupling of compound 4 and 
3,3’-Di(2-ethylhexyl)-2,2’-bithiophene under the help of n-BuLi at very low 
temperature. 1H, 13C, 29Si NMR and FTIR spectra of the resultant compound are 
showed in Figure 4-4 to Figure 4-7. From 1H NMR spectrum of POSSLED (figure 
4-4), there are in average 6.2 arms substituted on POSS core which is calculated the 
same way as compound 5a-5d by the ratio of protons from alkyl chains over that from 
aromatic groups. The 13C NMR spectrum also confirms the attachment of arms to the 
POSS core by introducing the aliphatic peaks of the bithiophene derivative. What 
worth pointing out here is that this is not the impurity from the unreacted 
3,3’-Di(2-ethylhexyl)-2,2’-bithiophene because the purification process of POSSLED 
requires to go through the column with excessive hexane which means the unreacted 
3,3’-Di(2-ethylhexyl)-2,2’-bithiophene was fully removed. During the reaction, the 
POSS core remained intact by demonstrating the POSS absorbance in FTIR spectrum 
(Figure 4-7) and the simple peaks on 29Si NMR spectrum (Figure 4-6)[109]. These are 
also strong evidence of complete and symmetric chemical attachment to the POSS core. 
All these data reach the conclusion that the POSS core was successfully substituted by 






Figure 4-4. 1H NMR spectrum of POSSLED. 
 




Figure 4-6. 29Si NMR spectrum of POSSLED. 
 




4.2.2 Properties of POSSLED 
In order to analyze the synthesized POSSLED by microscopy methods, it was 
dissolved in hexane and diluted enough before dropping on Si/SiO2 substrate. The 
sample was dried under room temperature and nitrogen for 24 hours and observed by 
AFM. The AFM image of POSSLED is showed in figure 4-8. It can be seen from the 
image that inevitably, POSSLED particles aggregate to some degree by forming larger 
piles of particles. To measure the diameter of the dispersed piles, the surface 
morphology of a cast POSSLED film was recorded (Figure 4-9). One pile (between 
left two tips) is measured to be 40.36nm while the other (between the right two tips) is 
58.71nm. The height of most of the piles is below 10nm. Simultaneously, some small 
particles can be seen clearly and well dispersed on the substrate. Part of the Figure 4-8 
was translated to a 3-D image for highlighting the small particles (Figure 4-10). 
 
 





Figure 4-9. Surface morphology of POSSLED. 
 
Figure 4-10. Detailed 3-D AFM image of POSSLED. 
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The particle size of POSSLED was measured by XRD (Figure 4-11). The peak at 5.82
º  indicates the existence of nanoparticles and the particle radius is calculated to be 
1.5nm which coincides with the calculated diameter of the dot.   
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Figure 4-11. XRD spectrum of POSSLED. 
 
The optical properties of POSSLED were studied by UV-PL spectroscopy. Showed in 
Figure 4-12, the UV spectroscopy indicated that there was no absorbance until 
319.5nm. The red-shift, compared with compound 5a-5d, is due to the elongation of 
conjugated length on the arms of POSS composites[122]. The PL spectroscopy of 
POSSLED was showed in Figure 4-13. The emission at 444.5nm is in the blue light 
region and hence achieved our goal to build a visible light LED based on POSS core. 
The relatively broaden peak of POSSLED as compared to compound 5a-5d is 


























Figure 4-12. UV spectroscopy of POSSLED. 

























In this chapter, a light-emitting POSS core-based organic-inorganic nanocomposite 
was synthesized and characterized by 1H, 13C, 29Si and FTIR spectra. The AFM image 
demonstrated the dispersed piles of particles on the substrate. The particle radius is 
about 1.5nm as determined by XRD spectrum. UV and PL spectra showed the 




Chapter 5. Results and Future works 
5.1 Conclusion of This Work 
In this research, for the first part, organic-inorganic hybrid nanocomposites with 
different particle sizes were synthesized and characterized. Grignard reactions are used 
to successfully attach the arms with different ending alkyl chains to the POSS core due 
to the reason that another efficient coupling reaction, Suzuki reaction, needs to take 
place in a condition that the POSS core will decompose. 1H, 13C and 29Si NMR and 
FTIR methods were used to confirm the named structures and it is revealed by 1H 
NMR that in average, there are 7.57, 7.06, 7.04 and 6.72 arms connected to one POSS 
core for butyl, hexyl, octyl and dodecyl ending alkyl chains respectively. That means 
the longer the ending alkyl chain, the more difficult to incorporate arms into a POSS 
core in average.  
 
DSC measurements of the resultant nanocomposites showed that the Tg of the 
nanocomposites will increase when the ending alkyl chain is longer. TGA studies 
demonstrate similar trend for the Td of the nanocomposites. UV-PL spectra indicate 
that the absorption wavelengths for the nanocomposites with different sizes are almost 
the same at about 270nm and the emission wavelength is at about 360nm which means 
the emission lies in the ultraviolet region. The sizes of synthesized nanocomposites are 
1.6nm, 1.8nm, 1.9nm and 2.0nm in radius respectively.  
 
In the second part of the research work, a light-emitting organic-inorganic hybrid 
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nanocomposite was synthesized. Bithiophene derivatives are chosen to be the 
conjugated part together with the phenyl ring to contribute to the light-emitting 
properties. The arms were coupled to the POSS core under n-BuLi rather than 
Grignard reaction for the reason that the latter will not lead to a highly substituted 
POSS nanocomposite. All the target structures are achieved by the confirmation of 1H, 
13C, 29Si NMR and FTIR spectra. It is calculated by 1H NMR that in average, there are 
6.2 arms attached to each POSS core.  
 
The particle size was determined by XRD and it is 1.52nm in radius. It was observed 
by AFM and piles of aggregated particles were discovered. UV-PL measurements 
showed that the nanocomposite absorbs light at 319.5nm and emits at 444.5nm which 
is in the visible blue light region.  
 
5.2 Future Works 
Although POSS-based light-emitting Dots were synthesized successfully, there are 
several factors which can influence the light-emitting properties of our POSS based 
composites. First of all, the difficulty to build completely eight-arm substituted POSS 
structure makes the ideal narrow-band emitting a challenge[67]. Although theoretical 
calculation showed the HOMO and LUMO of the POSS based light-emitting 
structures depend only on the conjugated length of arms, it will be better if there are 
eight chromophores attached to the POSS because, for a given amount of 
eight-substituted POSS, there will be more light comes out under same excitation. In 
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order to have a full-substituted POSS structure, for one thing, the reaction type and 
conditions have to be chosen carefully so that the POSS core can survive during the 
reaction. Based on our knowledge, the POSS core will decompose under basic 
conditions, which make some useful coupling reaction, such as Suzuki coupling[123], 
unfavorable. In addition, it is difficult to separate the POSS -based composite due to its 
large size and incomplete substitution. It is tough and sometimes impossible to 
separate the fully substituted one from the rest; for example, to separate eight-armed 
POSS compounds from the seven- and six-armed POSS compounds. Secondly, POSS- 
based light-emitting composites are facing the incorporation of minor impurity. 
Because of the nature of star-like arms, it is easy to incorporate little molecules, such 

















Figure 5-1. Chemical structure of P8V8. 
 
So, in order to further control the performance of the POSS based light-emitting 
materials, other types of POSS cores can be used. Recently, I also successfully 
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synthesized P8V8 (figure 4-14) and it will be employed in the light-emitting POSS dots. 
The 1H and 29Si NMR spectra of P8V8 I synthesized are showed in Figure 4-15 and 
Figure 4-16. The peak at –71.652 in 29Si NMR clearly demonstrates the formation of 
P8V8. 
 
Figure 5-2. 1H NMR spectrum of P8V8. 
 
 
Figure 5-3. 29Si NMR spectrum of P8V8. 
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Besides the introduction of P8V8, further functionlization of our POSSLED can be 
carried out as well. For example, water-soluble POSSLED can be achieved by 
incorporation of water-soluble polymeric arms (such as PEG) to the active 3 position 
of POSS by attaching with 3,3’-Di(2-ethylhexyl)-2,2’-bithiophene. Another possible 
success lies in the manipulation of bithiophene before incorporation to POSS core. 
One example is to build 3,3’,5-trialkyl substituted bithiophene so that the rotation 
between the neighbor thiophene will be reduced and hence improve the light-emitting 
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